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NOTICE 


The results of the OAST Space Technology Workshop which was 
held at Madison College, Harrisonburg, Virginia, August 3 - 
15, 1975 are contained in the following reports: 

1 

4 

EXECUTIVE SUMMARY 

VOL I DATA PROCESSING AND TRANSFER 

VOL II SENSING AND DATA ACQUISITION 

VOL III NAVIGATION, GUIDANCE. AND CONTROL 

VOL IV POWER 

VOL V PROPULSION 

VOL VI STRUCTURE AND DYNAMICS 

VOL VII MATERIALS 

VOL VIII THERMAL CONTROL 

VOL IX ENTRY 

VOL X BASIC RESEARCH 

VOL XI LIFE SUPPORT 

Copies of these leports may be obtained by contacting: 

rJASA - LANGLEY RESEARCH CENTER 
ATTN: 418/CHARLES I. TYNAN, JR. 

HAMPTON, VA. 23665 
COMMERCIAL TELEPHONE: 804/827-3666 
FEDERAL TELECOMMUNICATIONS SYSTEM: 928-3666 
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The Materials area is defined by this workshop in that 
which is pertinent to mission and flight experiment require- 
ments for Structures, Power, and Propulsion. Technology and 
flight experiment needs in other areas such as Thermal Control, 
Electronic, Entry Technology, and Life Support are included in 
those sections. 

MISSION DRIVEN MATERIALS TECHNOLOGY 

Most Materials Technology Requirements have been classi- 
fied as mission-driven because, from a materials viewpoint, a 
mission de-and can be defined in every case, even for those 
cases for which the applications technology does not recognize 
the benefits. It is obvious that a large majority of applica- 
tions devolve into materials problems. An equivalent statement 
may be that an important function of the materials community is 
to define that the limits of performance of materials; these 
limitations are based, at any particular time, on the properties 
of the materials of interest and a knowledge of development 
potential both in properties and other factors such as cost and 
availability. Alternate materials and their potential improve- 
ments are also a factor. 

The Materials Technology Requirements have been classified 
in two ways. First the separation has been according to 
materials class, namely. Metals, Ceramics, Polymers, and Com- 
posites. The polymer classification also includes organic 
compounds research and development in areas such as lubricants 
and organic superconductors. The second grouping, within each 




of the above classifications, consists of Development, Character- 
ization, Manufacturing, and Basic Research. The compilation of 
Technology Requirements in this section is in accord with the 
above classification. Each requirement is further identified 
with respect to applications to Structures, Power, and Propul- 
sion as well as to other pertinent areas. 

Development is defined, for the purpose of this report, as 
the improvement of known materials and the synthesis of new 
materials using known phenomena and techniques. Characteriza- 
tion is the accumulation of property and environmental data 
necessary to predict whether a developed, available material 
will fulfill a certain mission requirement and whether it can 
be used with confidence by designers. Manufacturing refers to 
the process techniques which are required to produce a material 
in a form which is useful in a mission. 

Topics in the Basic Research area resulted from considera- 
tions of two kinds. One was the recognizable needs for basic 
understanding that stem from the developments and applications 
that are foreseen for particular materials, e.g., composites 
and catalysts. The second consideration was the recognizable 
needs for advancement of understanding in the various areas of 
solid state physics, physical chemistry and others that directly 
pertain to materials development and applications. Examples are 
diffusion in alloys cind the physics and chemistry of surfaces. 
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OPPORTUNITY DRIVEN MATERIALS TECHNOLOGY 

Space processing of materials has been taken to be 
opportunity driven. It is designed to satisfy one of several 
requirements : 

1. ) To supply data unobtainable on the ground. 

2. ) To run demonstrations for design purposes. 

3. ) To manufacture materials under conditions 

unobtainable on the ground. 

4. ) To manufacture or process materials in space 

for space use (possibly in the future from 
new materials obtained in space) . 

The ability to operate effectively in the low gravity 
environment of near earth orbit has provided a unique oppor- 
tunity to do new materials research. The low gravity aspect 
of the environment, in particular, has excited interest in a 
host of new materials possibilities such as: containerless 

solidification eind handling (levitation) for materials whose 
development on earth have been limited by reaction with con- 
tainers, dies, and molds; reduced convection in liquids lead- 
ing to better control of the solidifying interface; and mixing 
of otherwise immiscible materials because of the elimination 
of density driven stratification. Research in the low gravity 

environment will lead to a better understandina of ha«?i.p 
materials phenomena which are_ currently thought to limit earth- 

bound processing. It will also lead to manufacturing in space 
where the economic trade-off with transportation and energy 
requirements permit. 
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CONTENT OF THE BODY OF THE MATERIALS 
WORKING GROUP PORTION OF THE REPORT 

The space Materials Technology Requirements identified by 
the working group are attached. Tnese have been divided into 
several categories. A narrative description was proposed on 
all items identified. A total of 52 items were included 
broken into Mission Driven (48 requirements) and Opportunity 
Driven (4 requirements) . In addition, those items for which 
a flight experiment was proposed were included again. A total 
of 27 candidate flight experiments were proposed. 

The need to index the topics was addressed as follows. A 
list of the titles of each narrative is attached. Further, a 
number has been assigned to each narrative and index and cross 
index have been prepared on the basis of a discipline matrix 
and of a discipline/application matrix. 


Studies on materials processing in space have been going 
on for several years. This work has been supported by the 
Office of Applications in NASA, but much of the emphasis has 
been on capitalizing on current flight opportunities and rapid 
pay-off. These flight experiments have indicated that more 
extensive ground based preparations and several iterative flight 
and ground experiments are needed to understand the problems 
involved in order to achieve the expected results. At this 
juncture, OAST needs to become involved in planning and direct- 
ing the longer range development program on a larger scale. 

Materials processing in space is divided into three areas: 

(a) development of commercially desired products needed in the 
industrial market (such as improved semi-conductors) , (b) exploi- 
tation of the environment in performing basic research to improve 
the understanding of materials phenomena (such as solidification) 
which have a more distant pay-off, and (c) manufacturing and 
assembly in space to support missions such as solar energy sta- 
tions which require the forming, erection, joining, and repair 
of structures in space. Area A will continue to be supported by 
the Office of Applications. Tasks in areas B and C are proposed 
in the following document. 
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LIST OF 

SPACE MATERIALS TECHNOLOGY REQUIREMENTS 
Mission Driven 

1. Materials with High Thermal Conductivity and High Strength at High 
Temperatures for Rocket Motor Nozzles 

2. Higher Temperature Superconducting Materials 

3. Lunar Extractive Metallurgy 

4. Environmental Interactions - Meteoroids and Radiation 

5. Development and Characterization of Refractory Metals For Space 
Power Systems 

6. Fracture Toughness/Strength Optimization of High Strength 
Structural Alloy Systems 

7. Utilization of Magnesium, Beryllium, and Beryllium-Aluminum Alloys 
in Advanced Space Structures 

8. Low Cycle Thermal Fatigue of Superalloys 

9. Fatigue, Fracture and Life Prediction of Metallic Structures 
Exposed to Chemical Environments 

10. NDT/NDE - Earth and Space 

11. Development of Elastic-Plastic Failure Criteria 

12. Solar Cell Solder Connections with Extended Life During Thermal 
Cycling in Orbit 

13. Joining Metals in Space 

14. Basic Studies of Electromigration in Metals and Alloys 

15. Theoretical Studies of Diffusion in Alloys 

16. Basic Studies in Catalysis 

17. Basic Studies of Mechanisms of Hydrogen Embrittlement 

18. Basic Studies cf New Concepts for Solar Cells 

19. Solid Stat^' Diffusion Studies in Space 


viii 



I 


f 



5 . 








20 . Experimental Studies of Diffusion in Alloys 

21. Phase Diagram Studies in Space 

22. Measurement of Vapor Pressure of Corrosive Materials 

23. Basic Studies of Gas-Surface Reactions 

24. High Temperature Insulations 

25. Structural Ceramics 

26. Ceramic Fibers for Composites 

27. Large Area Polymer Films for Space Applications 

28. Adhesive Bonding of Large / Erectable Structures in Space 

29. Long Life Polymeric Protective Coatings for Space Applications 

30. Long Life Adhesives for Space Applications 

31. High Temperature, High Thermal Conductivity Polymeric Materials 

32. Improved Electrical Conductivity Polymeric Materials 

33. Retention of Liquid Lubricants by Passive Means Under Passive 
Conditions 

34. Retention of Liquid Lubricants "in Place' Under Dynamic Conditions 

35. Effects of the Space Environment on the Properties of Specific 
Polymeric Materials 

36. Space Repair of Polymers in Electronic Assemblies 

37. Basic Studies of the Relation Between Molecular Structure and 
Mechanical Behavior of Polymers 

38. Basic Studies of Polymer Matrix Composite Structure Behavior 

39. Basic Studies in Electrochemistry 

40. Physics and Chemistry of Organic Superconductors 

41. Low Thermal Expansion Composite Materials for Space Structures 

42. Standardization of Composite Materials Processing and Testing 

43. Effect cf Long Duration Space Exposure on Properties of Composite 
Materials 

44. Characterization of Damage Mechanisms Associated with Failure and 
Degradation of Composite Materials 

45. Manufacturing of Composite Materials in Space 




ix 


46. Materials and Processes for Assembly of Structures in Space 

47. Basic Solid State Physics of Metal Matrix Composites 

48. Studies of Creep and Fracture Mechanisms in Composites 


Sub Total 48 

Opportunity Driven 

49. Development of Directionally Solidified Eutectic Compounds in 
Space 

50. Containerless Casting and Shaping of Reactive Metals in Space 

51. Fabrication, Assembly, and Joining of Materials for Large Space 
Structures 

52. Space Processing of Ceramics and Glass 

Sub Total 4 


X 



CANDIDATE FLIGHT EXPERIMENTS 


5a Refractory Metal Heat pipes 

5b Refractory Metal Contamination 

7 Light Metal Alloys - Long Time, Low Earth Orbit Exposure on 
Mechanical Stability 

9a Processing and Use of Chemically-Active Metals in Space and 
Planetary Environments 

9b Solid-Solid Metal Embrittlement in the Space Environment 

10 NDT/NDE - Earth and Space 

11 Influence of Long Term Space Exposure on Localized Plasticity in 
Metals 

12 Solar Cell Solder Connections with Extended Life During Thermal 
Cycling in Orbit 

1"' Joining Metals in Space 

19 Solid State Diffusion Studies 

21 Phase Diagram Studies at Low Pressure and Zero g 

22 High Temperature Vaporization Studies of Corrosive Molten Salts 

28 Adhesive Bonding of Large Erectable 

29 Long Life Polymeric Protective Coatings for Space Applications 

30 Long Life Adhesives for Space Applications 

31 High Temperature High Thermal Conductivity of Polymers for Space 
App] ication 

32 Improved Electrical Conductivity of Polymers for Space Application 

33 Rete tion of Liquid Lubricants by Passive Means in Space Environ- 
ment Under Passive Conditions 

34 Retention of Liquid Lubricants "in Place" Under Dynamic Conditions 
Using Barrier Films and Labyrinth Seals 

35 Effects of the Space Environment on the Properties of Specific 
Polymers 
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36 Space Repair of Polymers in Electronic Assen)' xes 

43 Long Term Space Exposure of Composite Materials 

44 Effects of Space Environment AL Effects on Fatigue and Fracture 
of Advanced Filamentary Composite Structural Materials 

49 Development of Directionally Solidified Eutectic Compounds in 
Space 

50 Containerless Casting and Shaping of Reactive Metals in Space 

51 Fabrication, Assembly and Joining of Materials for Large-Space 
Structures 

52 Space Processing of Ceramics and Glass 




INDEX OF MATERIALS TECHNOLOGY 



NUMERALS CORRESPOND TO DEFINITION OF TECHNOLOGY REQUIREMENTS LISTINGS. DUPLICATION OF 
NUMERALS IMPLIES EITHER MULTIPLE APPLICABILITY OR CANDIDATE FLIGHT EXPERIMENT. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. ^ 

1. TECHNOLOGY REQUIREMENT (TITLE): Materials with High paGE 1 OF 

T hermal Conductivity and High yier^l Conductivity and High Strength at High 
Temperatures ^or Rocket Motor Nozzles 

2 . TECHNOLOGY CATEGORY: 

;L objective/ advancement REQUIRED: Develop new alloys (e.g.. Copper-silv er 

system) with higher strength at elevated temperatures (above 600°C) combined wi th 

high thermal conductivity to allow regeneratlvely-cco led liquid rocket engines to 
be run at higher stresses and, tneretore, more eiticientiy. 

1. CU RUENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESC'RIUTION OF TECHNOLOGY 

A Metallurgical study of solution and particle strengthening across phase 
changes at high temperatures for the copper-sllver-zlrconlum alloy system Is 
needed. Perhaps tungstem or other refractory metals In solution would 
suffice. Of course, any particulate rtrengthenlng would have to be 
effective at high temperatures without causing low temperature embrittlement. 
The alloy must be castable, forgable and machinable in addition to the 
required physical and mechanical properties. If an alloy shows promise 
Space Shuttle Main Engine Nozzle forgings should be made for direct 
comparison with current engine hardware. A successful result could be 
Incorporated as a running model change In SSME. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,P B,P C/D 

<). UATIONALE AND ANALYSIS: 

Regeneratlvely cooled, rocket motor nozzles are limited by heat transfer <ate, 
hence thermal conductivity and thickness of the alloys used. Currently, 
copper alloys provide the maximum thermal conductivity but are lacking In 
high temperature strength. Higher strength and low cycle thermal fatigue 
resistance would allow the use of higher pressures and thinner walls for 
Improved heat transfer and thermo-dynamic efficiencies, not to mention 
lighter weight and longer life. This is a case where small Improvements In 
the high temperature strength of available alloys would produce a major cost 
savings . 


TO BE CARRIED TO LEVEL __ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I 


1. TECHNOLOGY REQUIREMENT (TITLE): Higher Temperature pAGE 1 OF 
Superconductors 

2 . TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REOITTRED- Develop higher temperature super- 
conductors to allow development of improved extraterrestrial power systems, 

space instruments p high-speed computers, and power transmission capabilities, 

4. CURRENT STATE OF ART: Experimental superconductors have critical 

temperatures up to 23 K, Systems have only operated to 4>2K^ 

HAS BEEN CARRIED TO LEVEL 5 


5. DESCMU!>TI()N OF TECHNOLOGY 

Superconductors with critical temperature above 77K are highly desirable for 
a number of space applications. Currently, critical temperatures up to 
23K have been shown in the laboratory, but only to 4.2 K In operating 
systems. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,D B.Q C/D 
3. KATK ).\ALE AND ANALYSIS: 

a. ) Improved superconductors with transition temperatures significantly 

higher than 20K would beneflclably Impact a variety of space-related 
fields, particularly by reducing the bulk and cost of the required 
refrigeration equipment. Currently available superconductors require 
cooling to liquid helium temperatures; Increases In the transition 
temperatures for useful superconducting materials to liquid hydrogen 
or liquid nitrogen temperatures would be quite advantageous. 

b. ) Superconductors are Important components In a variety of applications. 

In the power field, magnetohydrodynamlc and certain fusion power system 
concepts require strong field derlveable from superconducting magnets. 
The potential development of anti-matter power systems In the next 
century also should benefit from Improved superconducting magnets. 

The speed and capacity of large computers Is greatly Increased through 
the use of superconductors to transmit Information bits. This 
application Is currently receiving attention for ground-based computers 
where the size of the refrigeration equipment Is not a major problem. 
Increased superconducting transition temperatures would reduce the size 
of the required refrigeration equipment and enhance the use of higher- 
speed larger-capacity computers In space. TO BE CARRIED TO LEVEL _ 
^Sed acCASKe'd' dhSd'C)' — — — — — 


3 


4 



r 


I 


- ^ 


DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TrrwMnT nr.v RFQllTRFMENTmTT.E^! Higher Temperature 

Superconductors 

7 . TEC HNOLOGY OPTIONS; 


PAGE 2 OF i. 


8. TECHNICAL PROBLEMS: 

The strong electron-phonon coupling which promotes superconductivity at 
very low temperatures also contributes to loss of superconductivity at 
higher temperatures. There are physical reasons for believing that 
superconductivity may not be attainable above AOK in alloys or compounds. 


y. POTENTIAL ALTERNATIVES: 

Use of available superconductors with large refrigeration 
systems is the only apparent alternative. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


EXPECTED UNPERTURBED LEVEL J_ 


11. RELATED TECHNOLOGY REQUIREMENTS: 


BEPRODUdBIIjITY OF THE 
jRlilNAL PAGE IP 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TTTl.E)- Higher Temperature 
Superconductors 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


NO. 2 


PAGE 3 OF 4 


SCHEDULE ITEM 


TECHNOLOGY 

1 . 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 
:i . Operations 


i:l. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF I^UNCHES 


14. REFERENCES: 


1.) Outlook for Space , NASA, July 15, 1975. 


15. LEVEL OF STATE OF ART 


I. BASIC PHENOMENA ORSEH'M' ANU REPORTED. 

i. theory IX:mMl'LATED TO DESCRJBE PHENOMENA. 

J. THFOIU nSTED DY PlIYSICAl. EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT U NCTION OR CHARACTERISTIC DEMONSTRATED. 
E.C., MATEIIIAI,, (T■'^’PO^ENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LARORATORY. 
t, MODEL TESTED IN AIRCRAET ENVIRONMENT. 

T. MODEL TESTED IS SPACE ENVIRONMENT. 

I. NEW CAPAiai.lTY OLBIVEID FROM A MUCH LESSER 
OPERATIONAL MODEL. 

•. RELIARILITY UPORADINC OF AN OPERATIONAL MODEL, 
to. LIFETIME EXTENSION OF AN OI L RATIONAL MODEL. 







DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE) : Higher Teaperature PAGE 4 OF 1 
Super conduc tors 


(continued) 

6. There are a large nusiber of particle and radiation detection instruments 
dependent on magnetic fields which would benefit from improved super- 
conductors. These applications include spectrometers, radio telescopes, 
Josephson effect detectors, and others. 

The advent of higher temperature superconductors would impact also on power 
transmission applications. These applications would include large solar 
power collection systems in space and routine transmission of large amounts 
of power on earth. 

c. ) Quantitative description of systems improvements is not possible at 

the present time. 

d. ) The advent of 77K-plus superconductors would significantly reduce 

the weight of the required refrigeration system and improve the 
efficiency of various superconducting components. New alloys and 
compounds would be fabricated by various techniques. Including 
splat-cooling to obtain metastable structures. These materials 
would be characterized in terms of their transition temperatures 
and other electrical and magnetic parameters. Techniques for 
fabricating the most attractive materials into usable forms, such 
as clad cable, would be developed. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 3 

1. TECHNOLOGY REQUIREMENT (TITLE); PAGE 1 OF 

Lunar Extractive Metallurgy (low priorities) 

2. TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REQlTTRKn- To develop new or modified processes 
for extraction of Al» Mg, Fe, Ti, Si, Th, ceramics, and glasses from Lunar 

materials. 

-i. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5 . DESC RIl’TION OF TFC HNOLOGY 

Justification and Scope: The orderly exploration and explortatlon of our 

Solar System is anticipated to Include the establishment of a Lunar Colony, 
small (3-12 men) at first but increasing with time into a much larger 
permanent base. (100 plus men) The time scale suggested by von Puttkamer 
envisions the establishment of the larger Lunar Colony by about the year 
2000. This colony will become increasing more self-sufficient with time, 
relying on lunar minerals as sources for oxygen and constructional 
materials and becoming gradually Independent from supplies shuttled from 
Earth. 

Initially, it is expected that the lunar fines can be sentered or melted 
and cast into useful forms. Ultimately, materials such as Al, Mg, Fe, Tl, 

Si, Th, ceramics, and glasses will need to be extracted from lunar minerals. 
These extraction processes will be considerably different from those 
(Continued) 

P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 
ft. RATIONALE AND ANALYSIS: 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO, 2 

1 . TECHNOLOGY REQUIREMENT mTLE^; 

Lunar Extractive Metallurgy (low priorities) 

PAGE 2 OF 1 




(Continued) 


5> developed for Eerth use due to the considerably different environment 
(hard vacum, 1/6 G) and high cost of supplies such as water and power. 

The probable complexities of such novel, lunar extractive processes 
strongly suggest early Initiation of developmental studies on Earth to 
assure their timely availability. 

It Is anticipated that a 2 man yr/yr effort over a 5-year period should be 
sufficient to Identify the most promising lunar extraction techniques. 
Subsequent effort would then depend on the extent of further development 
required and the then current time frame for Lunar colonization. 

Approach: Simulated lunar minerals would be crushed and treated by a 

variety of mechanical, electrical, and chemical processes to yield 
products amenable to metal extraction. The processes most useful on 
Earth for extracting the various metals of Interest would serve as start- 
ing points, modified as necessary to reflect Lunar conditions. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): 

Environmental Interactions - Meteoroids and Radiation 


PAGE 1 OF 2_ 


2. TECHNOLOGY CATEGORY: . 

;j. OBJECTIVE/ ADVANCEMENT RKOllTREn; Continue to collect and assess data 
on the nature and magnltlde of meterold and space radiation effects on metals 


durlne space travel and on nuclear radiation effects on metals from 


radioisotopes and reactors. 

L CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL _ 


5. DESC'RIRTION OF TECHNOLOGY 

Meteoroids. While meteoroids constitute a potentially damaging hazard In 
space, the measurements and experiences to date strongly suggest that. In 
actuality, the d.**nger Is not as great as was originally expected. This 
variation between expectations and experience Is attributed largely to the 
difficulty of obtaining reliable data on the frequency, size, density, 
velocity, and distribution of meteoroids. Concern Is lessened since It Is 
probable that no more than one spacecraft has been lost during the past 17 
years to meteoroid Impact. Currently, the need Is for better data so that 
spacecraft can be more properly designed rather than overdesigned for the 
desired degree of meteoroid protection. 

(Continued) 

P/L REQUIREMENTS BASED ON: □ PRE-A,D A,Q B,D C/D 


(> RATH >N’AI.K AND ANAI.YSIS: 

Data on meteoroid and space radiation characteristics and effects on 
materials must continue to be analyzed as they are accumulated. Specific 
significant problem areas must be addressed If and when they are Identified. 

Nuclear radiation effects on materials must also continue to be analyzed. 

The nuclear environments expected In actual reactor applications must be 
simulated as best possible during experimental exposures in order to produce 
applicable results. In particular, the effects of fast reactor exposures 
must be accurately characterized. 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 TECHNOLOGY REQUIREMENT (TITLE). 

PAGE 2 OF 2 

Environmental Interactions - Meteoroids and Radlat1>n> 



Space Radiation . Space radiation hazards consisf pr* -.Lrily of solar flares 

(protons and helium nuclei), cosmic radiation ^l'.trg&ly protons and helium 
nuclei), and radiation belts surrounding Earth, »^;-lter, and Saturn 
(protons and electrons). These radiations, ,>ac'.Icularly solar flares, can 
be hazardous to life, but their effects '•.trials are generally minimal, 

except possibly for electronic materialu. :or the meteoroid problem 
the current need is for more definitive i.r . ;>n space radiation effects to 
allow the design of proper protection, ■•htm needed. 

Nuclear Radiation . In contrast to space radi itlon and meteoroid effects, the 

effects of nuclear radiation on near-by xr.aterial8 are generally significant. 
These effects Include degradation of mechanical properties (embrittlement 
and loss of strength) and transmutation to other elements. For In-reactor 
materials, shielding Is not possible and contructional materials must be 
selected based on known radiation effects and design limitations. Shielding 
is of course possible dot the protection of near-by out-of-core materials, 
but here coo It is desirable Co employ materials exhibiting minimal effects. 
The efforts which have been on-golng on characterization of radiation effect£ 
need to be continued and modified as requirements and environments become 
better defined. 


The estimated level of effort Is a continuing 1-2 man yr/yr effort on 
analysis of potential meteoroid and space radiation effects on materials 
and a continuing 5 man yr/yr effort on analysis of nuclear radiation 
effects on materials. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 5 j 

1 . TECHNOLOGY REQUIREMENT (TITLE); Development and Charac- PAGE 1 OF 4 

terlzatlon of Refractory Metals for Space Power Systems 

2 , TECHNOLOGY CATEGORY; Structural and Spacecraft/Mechanical 

:L objective /ADVANCEMENT REQIITRF.D- Develop new alloys of Cb, Ta, Mo, W, 
and Re, characterize their properties, and develop appropriate fabrication 
techniques to support the development of extraterrestrial nuclear power and 

p r opulsion ' Brail. 

l. CURRENT STATE OF ART: Many refractory alloys have been developed but are 

inadequately characterized for long-time service. Specialized fabrication tech - 
niques need to be developed some applications. HAS BEEN CARRIED TO LEVEL 3 ^ 

j. DESC>;i''TION OF TECHNOLOGY 

The short time creep behavior of most refractory alloys has been character- 
ized. However, the long-time behavior ( >1000 hrs.) needs to be better 
characterized, particularly as affected by grain size, contamination, and 
corrosion. Corrosion reactions with liquid metal working fluids need more 
study, particularly as affected by contamints and impurities, f'"' loops and 
heat pipes. Sputter yield data is needed for refractoiy and otner alloys 
to assist lo the selection of materials for use in plasmas, such as in 
electric thruster and MPD propulsion systems. Specialized fabrication 
techniques need to be developed for fuel clads and heat pipes. Some of 
these applications will likely require additional alloy envelopment. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A,Q B,D C/D 

•!. RATH )NAI.E AND ANALYSIS: 

(a) Two payload experiments are suggested in the refractory metals area: 

1. Determination of space contamination effects (from near-space 
residual gases) on operation of refractory metal/liquid metal heat 
pipes; and 

2. Determination of space contamination effects on creep properties of 
refractory metals. 

In both of these experiments, retention of useful strength for long time 
(several years) is the critical parameter. 

(b) Further development of refractory metals technology will benefit nuclear 
fission, fusion and radioisotope power systa<ns, various advanced 
propulsion systems such as electric thrusters, and high-temperature 
heat pipes for various applications. 

(c) For most of these refractory metal applications, quantitative 
improvement parameters cannot be given because the systems are in such 
early stages of development. In general, refractory metals are 
required to assure. 


TO BE CARRIED TO LEVEL 10 
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D' I'INITION OF TECHNOLOGY REQUIRTMENT NO. 5 

1 . TECHNOLOGY RF■Q^IREMENT^TITLE^: Development and Charac- PAGE 2 OF 4. 

terlzation of Refractory Metals for Space Power Systems - 

7 . TEC HNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 


!). POTENTIAL ALTERNATIVES: 

The probl:.m of space contamination of refractory metals may be at least 
partially alleviated through the use of shields. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The long time creep behavior of columbium alloy C - 103 is being studied 
in support of the Mini-Brayton Radioisotope Power System (2 KVJe) under RTOP 
506-23-4 

EXPECTED UNPERTURBED LEVEL ]_ 

11. RELATED TECHNOLOGY REQUIREMENTS: 


beproducbility of the 
apiatnaL page is poor 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 5 


1. TECHNOLOGY REQUIREMENT ITITLE^t Development and Charac- PAGE 3 OF 
terlzation of Refractory Metals for Space Power Systems 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1 . 


75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 


I APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHE DULE: 

TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


14. REFERENCES: 


1. Outlook for Space , NASA, July 15, 1975 

2. W.D. Klopp, LeRC, Aug. 12, 1975 


15. LEVEL OF STATE OF ART 


X. BASIC PHKNOMKNA ORSEHVt D AND HE PORTED. 

2. THEORY FOUMPLATEO TO DESCRIBE PHENOMENA. 

3. THFOln ThSTF.n BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT H:NCTK)N OR CHARACTERISTIC DEMONSTRATED, 

E.G., MATEULXL, COMPONENT, ETC, 


5 . COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORAIORY. 

6 . MODEL TESTED IN AIRCRAtT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT 

8 . NEW CAPABILITY DLRtVT:D FROM A MUCH LESSER 

OPERA! IONA L MODEL. 

8. RELIABILITY UPGRADING OF AN OPERA VU 'NAL MODEL. 
10. LIFETIME EXTENSION OF AN 01 L RATION \L MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1. TECHNOLOGY REQUIREMENT (TITLE): Development and Charac- 4 OF & 

terlzatlon of Refractory Metals for Space Power Systems 


6* (continued) adequate system lifetimes* 

(d) Ultimately, the development and characterization of 
refractory alloys must be carried to Level 10, "life- 
time extension of an operational model*" This will 
require several decades of development and operating 
experience in the intended applications* 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 6 

1 . TECHNOLOGY REQUIREMENT (TITLE): Fracture Toughness/ PAGE 1 OF _L 

Strength Optimization of High Strength Structural Alloy Systems 

2 . TECHNOLOGY CATEGORY: (9) Structural and Spacecraft Mechanical 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Improvement In fracture toughness 
of medium-high strength structural alloys K Tr-/aYS For ferrous alloys and 
titanium alloys 

i. CURRENT STATE OF ART: Kic/yTS «»5 (ferrous alloys) Kie/jYS »0,75 

titanium alloys . 

HAS BEEN CARRIED TO LEVEL 


5, DESCUIUTION OF TECHNOLOGY 

Structural metal alloy systems have reached a highly matured state of 
development In achieving high static strength levels through alloying 
additions and process treatments. However, the utilization of 
materials at high static strength levels has resulted In problems of 
fracture control of hardware where failure Is manifested by defect or 
crack Instability. Higher strength levels have generally been 
accompanied by lower fracture toughness properties In a given alloy 
system. This In turn can result In fracture Instability at smaller 
defect or flaw sizes more difficult to Identify through inspection 
techniques. The utilization of materials in this high strength 
condition has resulted i. service failures which currently force the 
design specialist to sacrifice strength In order to achieve some 
desirable fracture control, (continued) 

P/L REQUIREMENTS BASED ON; □ PRE-A.Q A.Q B.Q C/D 
G . RATK >NALE AND ANALYSIS: 

Improvements in fracture toughness of high strength structural metals In 
the near term will be obtained by a more thorough understanding of the 
micro-mechanical processes governing crack instability in given alloy 
systems and subsequent optimization of thermal and mechanical treatments 
and more complete characterization of strength- toughness properties over 
the entire range of conditions obtainable. This will be accomplished 
largely through experimental programs. Improvement of fracture toughness 
of high strength materials over the long term will require advanced alloy 
development programs. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 7 

■ — "ii'ii ' ■■ ' ■■ i. . ■ 

1 . TECHNOLOGY REQUIREMENT ITITT.EL Utilization of PAGE 1 OF J_ 

Magnesium Beryllium and Beryllium-Aluminum Alloys in Advanced Space 

OGY CATEGORY: (9) Structural and Spacecraft Mechanical 

OBJECTIVE /ADVANCEMENT REOIITRED- To provide additional data base 
relating to secondary design considerations for use of thin gage, light alloys 

in advanced spacecraft application 

1. CURRENT STATE OF ART: Utilization of alloys 0.5 - 1.0 mm thick in non- 
space environments 

HAS BEEN CARRIED TO LEVEL 


o. DESCRIl'TION OF Ti:C IINOLOGY 

The need for high stiffness critical large space structure for 
application as antennae members, space station components, and 
power generation components will require additional development 
and chacterlzatlon for beryllium and beryllium-aluminum alloys. 

The high stiffness/density ratio beryllium and beryllium-aluminum 
alloys coupled with the potential for utilizing metals and joining 
technology make these alloys strong candidates for stiffness 
critical members of large space structures. 


P/L REQUIREMENTS BASED ON: Jgf PRE-A.O B,D C/D 

(5. RATH )NA1.E AND ANALYSIS: 

Deficient technology areas include process optimization for reducing 
costs, understanding and dealing with potential toxicity problems, 
and expanding the data base for secondary design considerations 
including earth environment time dependent processes of corrosion and 
fatigue, and improvement in toughness of these alloys. 

Identification of high cost process variables and optimization of 
manufacturing technology for frabricated hardware is necessary, and 
experimental programs to characterize material performance under 
mission simulation requirements should be conducted. A development 
program for improved toughness of these alloys should include thermo* 
mechanical processing techniques. 


TO BE CARRIED TO LEVEL 


( : 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 8 

1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF _L 

Low Cycle Thermal Fatigue of Superalloys 

2. TECUN01A)GY CATEGORY; 

;i. OliJ EC TIVE/ ADVANCEMENT REQUIRED; Develop data on low cycle thermal 

fatigue of currently available alloys over ranee of casting, forging and heat 

treating conditions for extending life of turbo pump components In high- 

pressure llg^uld rocket motors. 

I. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


r>. DESCRIPTION OF TECHNOLOGY 

Data are required to determine maximum temperature operation In air 
oxygen and hydrogen, at reversed stresses Into the plastic zone of 
super alloys such as Incoloy 713 C and Mar M 246 for use in nozzles, 
rotors and blades of high-pressure turbo-machinery. Even minor 
Improvements of Space Shuttle Main Engine life based on a firm 
prediction of material characteristics will result in major cost 
savings . 

Scope: The large number of specimens necessarily requires that this 

program will take at least 2 years and employ some very specialized 
test apparata for the high pressure phase, at least. 


P/L REQUIREMENTS BASED ON; □ PRE-A .Q A.Q B.Q C/D 

<). RATION'AI.E AND ANALYSIS: 

Space Shuttle Main Engine and other Advanced flight-weight turbo-pumps 
have a limited life because they are often stressed to near-yield on 
each run-up at the same time they are exposed to maximum operating 
temperatures and an embrittling environment such as hydrogen gas at 
high pressure. Simple improvements in heat- treatment, surface 
conditioning or coatings could greatly increase life. Even an 
understanding of what variable in the environment is the most 
deleterious could lead systems designers to optimize conditions for 
Improved cyclic life. This is a case where a better understanding of 
available alloys would be helpful. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 



n 


NO. - 9 

1. TECHNOI.OGY REQUIREMENT (TITLE): Fatigue, Fracture and PAGE 1 OF ^ 

Life Predi ct ion of Metallic Structures Exposed to Chemical Environments. 

2. TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REOIITREp Tc develop an adequate understanding 
of the time dependent Interaction of chemical environments with metallic 

materials such that the life-time of space related structures may be extended 

and/or their failure may be accurately and reliably predict^. (Conrad) 

4. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

If we are to reliably and accurately predict the life of metallic structures 
exposed to space related, chemical environments, we must develop the basic 
understanding of the kinetic and mechanistic aspects of both the interaction 
processes and the processes by which degradation can occur. Because these 
are complex problems we must use an ordered approach; first developing our 
technology on the simplest alloy systems in the more complex and combined 
environments as indicated in the enclosed flow chart. Simultaneously we 
must maintain our ability to develop immediate solutions to specific 
engineering, chemical compatability problems. 

Our goal must be to develop the basic understanding of the chemical 
interactions and the processes of degradation. With this, we will be able 
to develop accurate and reliable, quantitative models for life prediction, 
to select optium alloys and microstructures for use in space related chemical 
environments and to develop our potential to design alloy systems for use 
1. sp a ce and q b.D C/D 

6. RATIONALE AND ANALYSIS: 

As the use of space increases, the demands on materials will become more 
and more severe. Payload sizes will grow and the need for light weight, 
high strength structures will increase. Some will require reuse. Flight 
durations will increase extensively with corresponding increases in the 
length of environmental exposure. Comet and asteroid rendezvous and 
planetary entry and exploration will become realities. Such increases in 
the profiles of the missions will demand an increased understanding of, and 
the ability to predict, the potential degradation of structural materials 
exposed to potentially aggressive chemical environment be they gaseous, 
liquid or solid. I 

i 

Under the present mission model, our lack of understanding and our Inability 
to accurately predict the potential degradation of metallic structures 
exposed to potentially active chemical environments limits the efficient 
utilization of materials. For example the use of light weight, high 
strength titanium alloys or high strength steel alloys to replace the less 
efficient aluminum structures Is limited by our knowledge and ability to 
control their degradation by simple chemical environments such as salt 
water, humidity, or gaseous hydrogen. 

(Cont*d) 

TO BE CARRIED TO LEVEI. ! 
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V. 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLED; Fatigue, Fracture and PAGE 2 OF A 
Life Prediction of Metallic Structures Exposed to Chemical Environments. 


3. (Continued) 

Chemical environments Include gas, liquid and solid phase environments such 
as those anticipated to be encountered on earth, in space and during 
planetary entry and exploration. To be identified are the specificity of 
the interactions; the kinetic influences of temperature, pressure and 
potential synergistic effects fo combined and/or changing environments; 
and mechanisms of degradation including the influences of metallurgical 
parameters such as microstructure and alloy additions and external parameters 
such as mode of loading and degree of stress trlaxiality in order that the 
optimum material can be selected for the specific space related applications. 

6. (Continued) 

In general, predictive models for flaw growth in aggressive chemical 
environments are non existent. Even our ability to accurately Identify 
critical structural areas which may require continued monitoring or 
refurbishment in reusable structures is many times lacking. 

In low-earth"orbit transportation systems the use of heavy hydrocarbon 
propellants to replace sold propellants will require a significant 
technological advance in our ability to predict the behavior of light weight, 
high strength metals as reusable tankage. Even our ability to accurately 
predict the life-time of a light weight, reusable hydrogen tank is lacking. 

The safe removal of many hazardous payloads from earth will require a 
significant advance in our understanding of the interaction of a metal with 
its chemical environment. As an example, nuclear waste disposal will require 
containment of severely chemically aggressive material with total and 
complete assurity even during a launch pad abort or a mission abort and 
return to earth. Similar problems are found to exist in the transport of 
nuclear systems into s^ ace for space power and propulsion or for power 
generation for use on earth. Such applications of materials will require 
complete and accurate life prediction models which presently are not 
available. 

During extended missions, where times become very long, material combinations 
which are normally considered compatable may be found to be incompatable. 
Problems may be encountered not only in the long term storage of active 
propellants such as ammonia or metastable hydrogen but also in the 
compatability of normally consider safe interactions such as coatings, 
platings, or any area in where dissimilar metals may be in contact. For 
very long time life-prediction the time dependent interactions of active 
environments must be totally understood in order that accellerated testing 
techniques may be developed to reliably predict the life-time of metallic 
structures in contact with chemical environments normally thought to be 
non-reactive. 

The anticipated rendezvous with comets aud asteroids and planetary probes 
landers and rovers will require a significant technology advance in our 
(Cont*d) 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT mTLE^; Fatigue, Fracture and PAGE 3 OF ^ 
Life Prediction of Metallic Structures Exposed to Chemical Environments. 


6. (Continued) 

understanding of materials compatability • As an example, the life time of 
most efficient structural metals exposed to these potentially severe conditions 
of pressure, temperature, ad corrosive environment can not presently be 
predicted. 

Finally, our materials technology has been primarily designed for use in the 
chemical environment of earth. This technology may not be the best for 
materials use in the total chemical environments of space, the moon or other 
planets. Many alloy systems which have proved to be poor performers or which 
would never be considered for development on earth may perform very well in 
the special chemical environments encountered in space. k§ an example, alloy 
systems having major or minor concentrations of the earth-reactive elements of 
Lithium, sodium, potaslum, and others may yield unique properties which could 
not be obtained and in fact may never have been considered through the use of 
our earthbased technology. Such systems should be explored in detail for the 
more efficient use of materials in space. 


/ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


10 


1, TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF J_ 

NDT/NDE - Earth and Space 

2 . TECHNOLOGY CATEGORY: 


3. OBJECTIVE/ADVANCEMENT REQllTRFn- To advance the techncxogy of non- 
destructlve methods for the detection and evaluation of (Cont'd) 



5 . DESC HI I >TION OF TEC HNOLOG Y 


The probability of detection and the estimate of flaw size vary with the 
non-destructive technique employed and the size and nature of the flaw. 
Moreover, the human factor ‘'.arrles a very high weight In such determinations. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.Q C/D 
0 . H A TK >N A 1 . K A ND ANALYSIS: 

Specimens representing different geometries containing defects of various 
types and sizes will be examined non-destructlvely In both space and earth 
environments In order to determine, on a probability basis, the lower limit 
of flaw detection and flaw size and shape. After such evaluations, the 
specimens will be destructively examined In order to determine the exact 
nature of the flaws. 


TO BE CARRIED TO LEVEL 


23 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 10 


1 . TECHNOLOGY REQUIREMENT (TITLE); 
NDT/NPE - Earth and Space 


PAGE 2 OF 2 


3. (Conc'd) 


macroscopic flaws in metallic materials with primary emphasis on 
standardization of procedures and interpretation and quai tizatlon of 
results, and to Incorporate such information within d 'sign, manufacturing, 
and service stages of components and structures. 


REPBOPUCIBILrrY OFJ^ 

page 18 POOR 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. H 

I . TECHNOLOGY REQUIREMENT (TITLE): Development of Elastic- PAGE 1 OF _2_ 
Plastic Failure Criteria 

■ 1 . TECHNOI.OGY CATEGORY: 

;L OBJECTIVE/ADVANCEMENT RFOllTRFn- To establish the dependence of the 
degree of stress trlaxlalllty and other factors which promote plastic behavior 
on the subcrltlcal flaw growth In space related metallic structures. (Cont’d) 

t. CURRENT STATE OF ART: 

HAS BEEN CARRIED TO LEVEL _ 

5. DESC’RIl’TION OF TECHNOLOGY 

In a number of space related structures, materials and/or designs will 
be employed In which local yelldlng of the structure will occur prior 
to failure. Examples of such structures Include, but are not limited 
to large, thin wall, space tankage. Under such conditions. It is 
Imperative to quantitatively understand the Influence of localized 
plastic behavior on the time depende.iL parameters of subcrltlcal flaw 
growth rate and strain-energy release rate. Such parameters are 
required In order to accurately and reliably predict the lifetime of 
a specific metallic structure and to reliably predict Its mode of failure, 
l.e., leakage or catastrophic fracture. Such criteria presently are not 
available. Additionally, a knowledge of clastic-plastic behavior will 
permit a better prediction of the critical monitoring points which will 
Indicate the need for refurbishment In reusable space structures. 

P/L REQUIREMENTS BASED ON: □ PRE-A,n A,n B,n c/d 

a . RAT1i»\A1.I: and analysis: 

To adequately predict the elastic-plastic behavior of most structural 
members in space, we must develop accurate and reliable failure 
criteria. In order to do this, the contribution of plastic zon' Hxze 
or degree of stress triaxiality to the rates of suberitical crack 
growth and energy release must be established as a function of both 
material and configurational parameters. Mechanical strength and 
ease and form nf plastic deform^ation are examples of material parameters, 
while wall thi 'cness is a configurational parameter. From this 
knowledge stard4>rdized tes.: techniques can be established and an accurate 
and reliable failure criteria can be developed. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE); Development of Elastic- PAGE 2 OF^ 
Plastic Failure Criteria 


3. (Cont'd) 

To develop the quantitative understanding required for predictive models 
which may be used to establish elastic-plastic failure criteria as applied 
to unique space structures, such as thin wall containers, in an effort co 
better understand the conditions underwhich leakage or rapid failure may 
occur. 


keproductbility of thb 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 12 

1. TECHNOLOGY REQUIREMENT (TITLE): Solar Cell Solder PAGE 1 OF i 

Connections with Extended Life During Thermal Cycling in Orbit 

2 . TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REQUTRF.n- Develop an improved Joint-solder 

combination for silicon solar cells to eliminate embrittlement by inter- 

metallic compound formation and, thereby withstand prolonged thermal cycling 
1“ ?L^lh'ENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

Currently, lead-tin solder reacts with silver and titanium barrier and 
contact layers causing embrittlement and mechanical breakage of 
individual joints resulting in reduced power output with time in orbit. 

A study of the compatability and reactivity of metals in the contact, 
barrier and solder to eliminate formation of embrittling inter-metallic 
compounds will lead to new barrier layers or improved solders for solar 
cells. 


P/L REQUIREMENTS BASED ON; □ PRE -A.Q A,Q B,Q C/D 

<> RATIONALE AND ANALYSIS: 


Solar cell arrays operating In earth orbit go through a large thermal 
gradient as much as 120^C from sun to earth shadow. Most of the effects 
of the thermal gradient can be accounted for In designs (e.g., thermal 
expansion) but embrittlement of the solder joint to the contact layer on 
the cell cannot. Hard Inter-metalllc compounds are formed by diffusion 
which become loss In power output. Heretofore, large solar arrays 
(skylab, HEAD, etc.) have been over-designed In expectation of reduced 
output with time. However, longer life and Increase of power require- 
ments for energy programs In space or on earth will preclude such a 
cavalier .."^atment of the problem. This can be solved by careful 
attention to the metallurgical bond In the joint and barrier layer. 


TO BE CARRIED TO LEVEL 
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DKI’INITION OF TECHNOLOGY REQUIREMENT 


NO. 


13 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF J_ 

Joining Metals In Space 

1 . TF:C11N()U)GY category: 

:i. ODJECTIVK/ADVANCEMENT RE(JIJTREn: To easily and reliably produce stron g 
metallurgical bonds for the space assembly of metallic structures by utilizing 

cold resistance, and explosive welding techniques > 

L (T-HRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 

DKSGRD'TION OF TECHNOLOGY 


The placement of very large structures in space, e.g., antennae, solar 
cell arrays, etc., necessitates their fabrication "in-situ." Thus, 
modular subsystems or individual components must be joined in the 
space environment. 


P/L REQUIREMENTS BASED ON: nPRE-A.n A,D B,n C/D 
C. UATK )\A1.E AND ANALYSIS: 


In the case of cold welding, clean metal surfaces are brought into 
intimate contact under moderate pressures which are less than those 
required to produce yielding. Slight relative displacements of the 
mating surfaces are employed to insure proper contact. Resistance 
welding may be accomplished in much the same way although the 
temperature of the joint is elevated by the passage of electric current. 
In the case of explosive welding, a contained explosive seam welding 
technique will be employed. 


TO BE CARRIED TO LEVEL 






DKFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

Basic Studies of Electromigratlon in Metals and Alloys 

2 . TECHNOLOGY CATEGORY: Basic Materials Research 

OB-JE('TlVE/ADVANCEMENT RECJIIIREF)- To obtain a basic understanding of 
of the electromigration process in metals and alloys in order to provide guidan ce 
in the alleviation of the phenomenon as it occurs or will occur in microcircuitr y. 
I. (’URRENT STATE OF ART; 

HAS BEEN CARRIED TO LEVEL _ 

•). DESCIHl'TION OF TECHNOLOGY 

Theoretical and experimental studies extending present work. 


P/L REQUIREMENTS BASED ON: □ PRE-A,Q A,Q C/D 

<) RATH >\A1.E AND ANALYSIS: 

The electromigration phenomenon occurs at high current dgnsitie^ such as 
those found in connecting elements in microcircuits (*^10 amp/cm"^)* Under 
conditions of high current density mass displacement occurs and breaks can 
form in the connectors. Theoretical studies have defined the phenomenon to 
a degree and steps to alleviate the problem have been successful in circuits 
of the present state of miniaturization. It is anticipated that the problem 
will arise again as reductions in circuit size occur. The research should be 
supported at least at its current level. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 15 

1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

Theoretical Studies of Diffusion In Alloys 

2 . TEC H N( )L( )0 Y CATEGORY: Basic Materials Research 

OBJECTIVE/ ADVANCEMENT REQTTTREn- To develop a quantitative theory of 

diffusion In alloys that will permit prediction of diffusion rates In alloys of 

applications Interest. 

I. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIl’TION OF TECHNOLOGY 
Studies Including 

1. Calculation of energy of formation and number of vacancies. 

2. Definition of elementary jump processes In ordered and unordered systems. 

3. Relation of bonding energy and activation energy for diffusion. 

4. Impurity diffusion. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A,D B.Q C/D 
(>. RATIONALE AND ANALYSIS: 


The wide variety of solid systems for which the ability to quantitatively 
predict diffusion behavior Is needed suggests that the need for basic 
research In this field will be long-standing. At present the capabilities 
of prediction In the field of alloys is very sketchy. The desirability of 
predictive capability Is obvious In terms of the costs and the difficulty 
of experimentally determining diffusion data. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF _1_ 

Basic Studies In Catalysts 

2. TECHNOLOGY CATEGORY: Basic Materials Research 

3. OBJECTIVE /ADVANCEMENT REQITTREn- To obtain a fundamental understandin g 
of catalyst structure and the mechanism by which catalysts function In order to 

provide guidance for formulations for fuel cell oxygen electrode, propellant 
catalysts and lire support gas conditioning. 

4. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

Studies Including 

1. Theoretical specification of compounds having D-band structures like 
those of active transition metals. 

2. Effect of purity, surface area and surface plan orientation on catalytic 
efficiency (possible space preparation of samples) 

3. Studies of the nature of active sites. 

4. Theoretical calculation of potential distribution and absorbed molecule 
configuration for surface having absorbed molecules. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.Q C/D 
(!. RATIONALE AND ANALYSIS: 

The mode by which a catalyst functions In terms of an atomic or molecular 
mechanism Is still unknown. Recent theoretical research In two areas gives 
promise of enllghtment. One Is the calculation of the perturbation of the 
Interatomic potential In the surface as an atom or molecule approaches. 
Indications are that alterations result In the electronic structure of the 
absorbed species In a way that would Increase lt*s chemical reactivity. The 
other theoretical approach propose that the d-band structure of catalystlc 
metals can be duplicated In compounds such as carbides. The test of this 
hypothesis Is worthy of substantial support. Finally » new methods of 
preparation of catalyst metals If high purity and fine subdivision should be 
used and their effects investigated. 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


17 


I TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

Basic Studies of the Mechanisms of Hydrogen Embrittlement 

2. TECHNOLOGY CATEGORY: Basic Materials Research 

ODJECTI\t;/ADVANCEMENT RFCJUmEn- To develop fundamental understanding 

of the solid state and surface chemical processes that are Involved In the 

hydrogen embrittlement phenomens on order to provide guidance in prediction or 
elimination of undesir^le effects. 

i. CH:HRENT state of ART: 


HAS BEEN CARRIED TO LEVEL 


:>. DESCRIPTION OF TECHNOLOGY 


Studies such as 

1. Theory of Hatom-dislocation interactions 

2. Study of Hatom interaction with the crack tip 

3. Mechanism of hydrogen dissociation on surfaces-catalysts and poisons 

4. Mechanism of delayed fracture. 


P/L REQUIREMENTS BASED ON: □ PRE-A,Q A,Q B.Q C/D 
<; HAT1( >\AI.K AND ANALYSIS: 

The problem of hydrogen embrittlement presents itself in a wide variety of 
situations. A nonexhaustive list includes stress corrosion cracking, 
of titanium by alcohols, delayed fracture of Nickel bearing materials 
exposed to hydrogen, fracture of hydrogen containing tankage and piping. 

The wide variety of phenomena in which hydrogen plazsa role implies a 
multiplicity of mechanisms. Both theoretical and experimental studies 
are needed and should involve multidisoplinary approaches by physicists, 
chemists and metallurgists. The present expenditure of effort by NASA 
should be augmented. 


TO BE CARRIED TO LEVEL 






I 



DKFLNITION OF TECHNOLOGY REQUIREMENT NO. 18 


I TE(T1N01,OGY REQUIREMENT (TITLE): PAGE 1 OF _L 

Basic Studies of New Conce pts for Solar Cells 

2 . TECHNOLOGY CATEGORY: Basic Materials Research 

OliJECTIVK/ ADVANCEMENT REOUTRED: To examine relevant physical phenome na 
In order to develop more efficient methods for conversion of solar energy to 

electricity. 

1. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


DESCRII’TION OF TECHNOLOGY 
Studies such as 

1. Electron-phonon Interactions In semiconductors 

2. Study of sensitized optical absorption by dye Incorporation or other 
methods. 

3. Investigation of applicability of materials other than sllicon-e. g. , 
gallium arsenide. 


P/L REQUIREMENTS BASED ON: QPRE-A.n A,Q B,Q C/D 
(!. ra tionale and ANALYSIS: 


The direct conversion of solar energy to electricity has many advantages in 
terms of simplicity both in structure and size. The main disadvantage is the 
low efficiency imposed by the limited wave length bond involved. The cost 
is also a limiting factor and will increase an importance as larger space 
structures are considered. At some time the cost of development of solar 
cell materials other than silicon (whose development costs were mainly 
borne by other application needs) will become reasonable in the face of 
factors like larger demand. Gallium arsenide is a possible candidate. 

Demands for lower costs should also spur basic investigation of the increase 
of usable spectral width by the use of dye sensitization and perhaps other 
means. 


TO BE CARRIED TO LEVEL 


} 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. ^ 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF ^ 

Solid State Diffusion Studies In Space 


. TECHNOLOGY CATEGORY: Basic Materials Research 


OBJECTIVE/ ADVANCEMENT REQUIRED! To obtain diffusion data for systems 
requiring very high temperatures and contalnerless conditions for the purpose 


f Info 


on on high temperature materials. 


. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESC RIPTION OF TECHNOLOGY 


Diffusion experiments Involving exposure of samples at high temperature 
In the absence of container materials. Sectioning and analysis to be 
performed on return to earth. 


P/L REQUIREMENTS BASED ON; Q PRE-A.Q A.Q B,Q C/D 


(L UATIONAI.E AND ANALYSIS: 

Diffusion experiments are normally limited to a temperature range whose lower 
limit Is governed by reasonable time and whose upper limit Is governed by 
available means for heating as well as problems of sample Interaction with 
container materials. The zero gravity and high temperature capabilities 
In space are especially useful for diffusion studies In high temperature 
materials. The results would be of great value because 

1. They would eliminate the need for Inaccurate extrapolation of lc.»g time, 
low temperature experiments and 

2. They would make data available for the Investigation of possible changes 
In diffusion mechanism at high temperatures. 




TO BE CARRIED TO LEVEL 


34 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


20 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 1 _ 

Experimental Studies of Diffusion In Alloys 

2 . TECHNOLOGY CATEGORY: Basic Materials Research 

3. OBJECTIVE/ ADVANCEMENT REQUIRED! To provide diffusion data for test o f 
theoretical formulations and to generate a fund of data for systems of 

Tactical interest. 

. CURRENT STATE OF ART: 

HAS BEEN CARRIED TO LEVEL 
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:«-'FINITI()N OF TECHNOLOGY REQUIREMENT 


NO. 


21 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF _L 

Phase Diagram Studies In Sp«tce 

2. TECHNOLOGY CATEGORY: Basic Materials Research 

:i. 013JECTIVE/ADVANCEMENT REQUIRED: 

To perform phase diagram studies of phase relation shifts resulting from 

low pressure. 

I. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LE VEL 

DESCRIPTION OE TECHNOLOGY 


Construction of phase diagrams by exposure In space and analysis on 
return to earth. Systems to be studied Initially would be for 
experimental convenience. Later studies on systems of Importance 
to space processing. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B,D C/D 
L.\ rin\Al.E AND ANAl.YSIS: 


Experience with vacum melting has shown that under low pressure* phase 
relations shift enough from those Indicated In phase diagrams determined 
at one atmosphere to cause non-homogenlety and gas bubble formation. It 
Is expected that the problem will also exist In space processing. 
Construction of the pertinent portions of the phase diagram must be done 
in space because the gravitational effects on the sample generate pressures 
which can not be tolerated. 


TO BE CARRIED TO LEVEL 










DKI’INITION OF TECHNOLOGY REQUIREMENT NO. 

I . TECHNOLOGY REQUIREMENT (TITLE); Measurement of Vapor PAGE 1 OF J_ 
Pressure of Corrosive Materials (Space Experiment) 

TKCHNOI.OC.Y CATEGORY: Basic Materials Research 

;i. oliJECTlVT-:/ ADVANCEMENT RECJUIRED- To provide thermodynamic urcperty 
data for nonmetalllc materials whose corrosiveness requires that the 

m easurements be done with levitation and with no container contamination. 

t. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


DESCRIPTION OF TECHNOLOGY 


Langmuir vaporl:;atlon rate studies compiled with mass spectrometric 
identification of vaporized species. Specimens to be heated and 
exposed to high vacuum by shielding from spacecraft outgassing. 


P/L REQUIREMENTS BASED ON: QPRE-A.n A.O B.D ^ 
<; R A I I « » \ A I , I ■ A ND A N A L YSIS: 


There are many materials whose vaporization modes or themodynamlc 
properties are poorly known because of their interaction with container 
materials. One example is sodium sulfate which is a critical factor 
in the hot corrosive phenomenon: widely varying data are obtained with 

various container materials. It is of great importance to the solution 
of the hot corrosive phenomenon to obtain better data. Hot corrosion of 
the extreme concern for aircraft turbine brackets^ marine turbines and 
terrestrial power stations. 

The need for data obtainable by this experimental technique can be 
cited for other instances as well. 


TO BK CARRIED TO LEVEL _ 




I 
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DKMNITION OF TECHNOLOGY requirement NO. 23 

1 TKCHNOl.or.Y REQUIREMENT (TITLE): PAGE 1 OF _L 

Basic Studies of Gas-Surface Reactions 

■ 2 . TKCHNOl.or.Y CATEGORY: Basic Materials Research 

OHJECTIVE/AIWANCEMENT RE(jmRED- To gain an understanding of the 
details of the Interaction of gas molecules with solid surfaces. 


I. CURRENT STATE OF ART: 


HAS B EEN CARRIED TO LEVEL 

DESCRIPTION OI' TECHNOLOGY 

Studies such as: 

1. ESCA and Auger studies of chemisorbed films 

2. Rate measurements using microbalance 

3. Mass spectrometrlc analysis of volatile reaction products 
of surface reactions. 


P/L REQUIREMENTS BASED ON: □ PRE-A,Q A,0 B.Q C/D 
C RA ri' >\A 1 .E AND ANAl.YSIS: 

The interaction of material surfaces with the environment is of manifest 
interest in widely varying circumstances — from the entry of the sp. .ecraft 
into the atmosphere of Venus or Jupiter to the oxidation-corrosion of 
terrestrial devices. New instrumentation is providing means for gaining 
a better microcopic understanding of the details of phenomena such as 
chemisorption and physlsorptlon, both of which are steps in gas-surface 
reactions. It is now possible to qualitatively* and in some cases 
quantitatively, determine the nature of the adsorbed layer (both identify 
and valence state), the distribution of the various species over the 
surface, as well as in cross section, and the rate of deposition. 

(Research of this type is also of importance to the understanding of 
catalysis.) Research in this area should be supported and augmented. 


TO BE CARRIED TO LEVEL 


UlPUUl)UOmil.lTV OK THE 

DAnF m POOR 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): PAGE I OF _L 

High Temperature Insulations 

2. TECHNOLOGY CATECXIRY: 

•J. ODJKCTIVE/ADVANCEMENT REOUIRFD- provide the technology for 

Improved high temperature Insulations. 


i. C URRENT STATE OF ^RT: 


H..S BEEN CARRIED TO LEVEL 


DESC’RIUTION OF TECHNOLOGY 

Improvements In space power, propulsion, and re-entry systems could 
be achieved In part with new or improved high temperature Insulating 
materlali. Power and propulsion systems can perform more efficiently 
at higher temperatures, but the associated hardware will need to be 
protected. Advanced space transportation systems and planetary probes 
also require higher temperature Insulating materials between the TPS 
and the load-bearing structure. 


P/L REQUIREMENTS BASED ON: QPRE-A.n A.Q B.D » 
<i rationale and ANALYSIS: 


Low thermal conductivity materials should be investigc?ted for their 
thermal and mechanical properties at temperatures above 1200 degrees 
C, the limit oi current insulations. These studies should be conducted 
at temperatures up tc 1800 degrees C, or where radiative heat tr'-nsfer 
predominates over conduction. Refractory additives should be 
investigated that may block radiative heat transfer. Candidate materials 
for investigation should include zirconia, hafnla, the refractory metal 
carbides, nitrates, borides, the zirconates, titanates, and the silicates 
of the refractory systems should then be studies for their tiberlzlnK^ 
qualities with the goal of producing fibers with diameters less man T> 
mils. 


TO BK CARUIKI) T > l.KVKl 
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DKFINITION OF TECHNOLOGY requirement NO, 25 


I . TEClINol.OGY REQUIREMENT (TITLE): structural Ceramics PAGE 1 OF _L_ 


1. TECHNOLOGY CATEGORY; 

OR.JECTIVE/ADVANCEMENT REQUIRED: 

To improve the thermomechanical properties of refractory ceramics. 


1. C'L KRKNT STATP: OF AKT: 


HAS BEEN CARRIED TO LEVEL 


.■) f)FSCMHI>TI(>N OF TKCllNOLOGY 


Much progress has been achieved in recent years in improving the performance 
of ceramic materials for gas turbine applications. These improvements have 
been primarily due to improved methods for designing with brittle materials 
and to careful processing methods for controlling the microstructure of 
refractory ceramics. These approaches should be applied to those materials 
that are of interest to space systems. Materials of interest are the 
refractory carbides, nitrides, alumina, beryllin, and carbon composites. 


P/L REQUIREMENTS BASED ON: QPRE-A.n B.Q C D 

(; RAT1<»\AI.F AND ANALYSIS: 


Advanced .pace transportation systems require improved oxidation resistant, 
high temperature materials for nose caps, leading edges, and propulsion 
systems. Nuclear power systems need tougher, shock resistant ceramic fuel 
elements . 


B^ROUUCIBILU'V 
ORWINAL FAGB IS KWR 


TO BE CARRIED TO LEVEL 
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DKFINITION OF TECHNOLOGY REQUIREMENT 


NO. 26 


1 TEClINOl.OGY REQUIREMENT (TITLE): Ceramic Fibers PAGE 1 OF _1_ 

for Composites 

li. TECIINOIXH'Y CATEGORY: 

OBJ EC I’lV^E/ ADVANCEMENT REQUIRED: Provide fibers having low coefficien ts 
of thermal expansion (CTE) for composites for large space structures, 


L C URRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 

DESCRIPTION OF TECHNOLOGY 


Three classes of materials are known to possess low thermal expansion 
coefficients — graphite, amorphous silica, and lithium aluminum silicates. 
Additional material systems should be sought. Variations in each of these 
systems should be synthesized and processed under different conditions. 
These materials should also be characterized for their CTE as a function 
of modulus and strength. The CTE of graphite may be lowered to oil 
CM/CM/OK or less with new precursers. Heat treatments may lower the CTE 
of silica also to oil or lower. A negative CTE may be desirable to 
compensate for a positive CTE of the matrix. The lithium aluminum silicate 
system should be studies for this application. 


P/L REQUIREMENTS BASED O N: Q PRE-A,Q A.Q B.Q C/D 

n RATK >NA1.K AND ANALYSIS: 


Missions in the 1985-2000 period will require structures for observational 
purposes on the order of 100 to 1000 meters in length or diameter, and with 
stability between major elements in the millimeter to centimeter range. 

Such large structures, in addition to being light weight, low cost, stable 
for long times in the space environment, must be thermally inert. Several 
ceramic systems are potentially promising for these requirements and should 
be investigated. 


TO BE CARRIED TO LEVEL 
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DKFINITION OF TECHNOLOGY REQUIREMENT NO. -?7 

1 TlX'llNOl.OGY REQUIREMENT (TITLE): PAGE 1 OF Jl 

Large Area Polymer Films for Space Applications 

TKCUNOLOGY CATEGORY: Propulsion. Structural & Spacecraft/Mechanical 
!. OUJKC'TIVi:/ ADVANCEMENT RE(JIIIRED The objective of this program Is to 
evaluate, adapt, and develop processes for the fabrication of large-area, thin 

polymer films for space applications. 

I . Cl RRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


■). DESCRIPTION OF TECHNOLOGY 


See Page 4 


P/L REQUIREMENTS BASED ON: □ PRE-A, □ A.n B.n C/D 
(i RA n< >.\AEK AND ANALYSIS: 

The Office of Space Science (OSS) has indicated the need for a solar 
sailing spacecraft with the ability to gain 10 to 50 Km/sec. additional 
speed after Earth departure. This type of propulsion would be used in 
Comet and Asteroid Rendezvous and Sample Return Missions and would 
require the utilization of a large area, thin polymer film for the solar 
sail. 

The Aerospace Corporation input to the current OASR workshop has stated 
the need for large area (200m2) polymer films for substrate membranes in 
unfoldfng antennas and for large diameter space mirrors. 

Polymer films with the large areas required are not presently available 
and will require development and adaptation to meet the requirement for 
such applications. 


TO BE CARRIED TO LEVEL 5 


i 
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\ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 27 

1 TECHNOT.OGY REOUIREMENTmTLEl: 

PAGE 2 OF L 

Large Area Polymer Filins for Space Apolications 



7. TECHNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 
y. POTENTIAL ALTERNATIVES: 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

See Page 4 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Propulsion, Power, Structures 


I 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 27 


1. TECHNOLOGY REQUIREMENT (TITLE): 


PAGE 3 OF 4 


Large Area Polymer Films for Space Applications 


12. TECHNOLOGY RP:QUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


76 


1 1 


78 


79 


80 


81 


82 


83 


84 


So 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Test & Evaluation 

2. Fabrication Developmen 

3. Handling Development 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


“T 

TOTAL 


NUMBER OF I.AUNCHES 


14. REFERENCES: 

a. OSS Technology Requirements Input ot OAST Workshop 

b. Aerospace Corporation Input to OAST Workshop. 


15. LEVEL OF STATE OF ART 


1. iwsir phk;;omlna oivsluvj d .and 'iFronTCD. 

2. TIIFOHY K'UMl'lvUn) TO DKM IIMIF JMIV NOMENA. 

3. THFOia I h SI Ftl BY l'll'l^lrAI. EXPERIMENT 

Oh MAlMFMATir.M. MODI 1.. 

4 . PEKIT.M Nr H NC'TiON OH ITIARA( TERISTIC DEMONSTRATED, 

E.C., MATEKLYE, rOY’POM ST. ETC. 


t. COMPONENT on RREADBOARD TESTED IN REI.EVANT 
F.NV1KONMF.NT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAET I NVIRONMI NT. 

7. MODEL TESTED IN SPACE ENATRONMENT. 

8. NEW CAPAIUEITY DI.RUT.D FROM A MOCII LESSER 

OPERATIONAL MODEL. 

9. RELIARII.ITY UPC.RADINC OE AN OPERA rii'NAl MODEL 

10. LIFETIME EXTENSION OF AN OIT.IWTION vE MODI I.. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


27 


1 . TECHNOLOGY REQUIRED \ENT (TITLE): PAGE 4 OF ^ 

Large Area Polymer Films for Space Applications 


Commercially available polymer films, such as Kynar, Mylar, Kapton, TFE 
Teflon, FEP Teflon and polyethylene will be evaluated for tear and 
tensile strengths as well as fold and crease resistance. Joining methods, 
including heat sealing, adhesive bonding and mechanical fastening, as 
applicable will be developed and evaluated for the fabrications of the 
large areas required. Selection and evaluations of coatings and coating 
application methods will be conducted to provide high radiation resistance, 
high thermal emittance and low solar absorptance to the films. In addition, 
packing and storage methods suitable for coated films of this type will be 
devised and studied. 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

I . TECHNOl^OGY REQUIREMENT (TITLE) : Adhesive Bonding of PAGE 1 OF 

Large, Erectable Structures In Space 

‘Z . TECHNOLOGY CATEGORY: Structural & Spacecraft /Mechanical 

OBJECTIVE/ ADVANCEMENT REOTITRED- The objective of this program Is to 

develop, evaluate ad demonstrate the materials, techniques, processes and 

equipment required for assembly by adhesive bonding of the constituent 
components or large, space-erectable structures. 

J. CURRENT STATE OF ART; 


HAS BEEN CARRIED TO LEVEL 

5. DESC'RIUTION OF TECHNOLOGY 

See Page 4. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A,Q B,Q C/D 

<) RATIONALE AND ANALYSIS: 

The requirement for large, space-erectable structures for future space 
missions has been confirmed by the user community both within and without 
NASA. For example, the SPART Study Indicated the need of such structures 
to satisfy example, some of the NASA technology targets, such as large 
observatories, Industries and utilities. In addition, the Office of Space 
Science (OSS) has Included such structures In the new technology require- 
ments for the period 1985-2000 for missions Involving deepspace radlometry. 
Infrared Interferometry and long baseline Interferometry. These structures 
will be on the order of 100 to 1000 meters In diameter or length with a high 
order of dimensional stability and a long life expectancy. Further, the 
Office of Applications (OA) has stated their need for light-weight, large 
scale arrays for power transmission. The present program encompasses the 
development of adhesives and adhesive joining techniques to be used In the 
fabrication of these large structures In space. The advantages offered by 
adhesive Joining over other joining methods are, (1) light weight (2) dimen- 
sional stability, (3) compatibility with light weight non-metalllc and 
metallic structural elements, (4) ease of fabrication and (5) minimal tooling 
and equipment. 

TO BE CARRIED TO LEVEL 


RKPRODUCIBILIXY OP THE 
ORIGINAL PAGE 18 POOR 
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11. RELATED TECHNOLOGY REQUIREMENTS: 

Development of large, erectable, space structures for observatories. 
Industries, utilities, deep-space radlometry. Infrared Interferometry, long 
baseline Interferometry and arrays for power transmission. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 28 


. TECHNOLOGY REQUIREMENT ITITI.EI : Adhesive Bonding of Lar gel»AGE ;5 OF Jl 


Erectable Structures In Space 


i:i, TECHNOLOGY REI^LIREM ENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE I'LEM 


TECHNOLOGY 

1. Material Devel. 

2. Technique Devel. 
;i. Joint Evaluation 


APPLICATION 

1. DeslRn (Ph. C) 

2. Devi/ Fab (Ph. D) 
•J, Operations 


USAGE St'HEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11 REFERENCES; 




LEVEL OF STATE OF ART 


1. NA oasucvin \NnuFiHuntn, 

2. hf'HMruX n 1) TO 1)1 IMII NOMI- NA. 

3. UsilDji^ Pin I \PUUMKM 

C»k MAI 111 MArU’M MODI 1,. 

4 . mniMN' M V IJI )N OK CMAK.M rt lU.STK' I>^ monstratkd. 

F.P.. . MAT^ KLU . ( I '>'po\l M , M i’. 


5. COM»»ONKNT OP miKAiUOAKD I LSThD IN HKI KVANT 

ENVIKONMFNl IN TMl IJMlORAlAUiY. 

6 . MODLL Tt.SIF I) IN AlRCHAn i SVIKONM^ NT. 

7. MODEL TFSTI 1> IN NPA('l EN VI RUN MEN I . 

8 . NEW CAPAIUUT') DI HIM 0 MIOM A NPK II I.KShKR 

OPERA! lONAl, MODEL. 

9. RELUHIUTA IJP( ,Ry\l)|SC i > I \N OPERA IIoNU MODEl.. 
10. LIFETIME tXTENMON OF AN OI I lUTlON vL Mol>l !.. 










DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


28 


1. TECHNOLOGY REQUIREMENT mTLE^: Adhesive Bonding of PAGE 40F^ 
Large> Erectable Structures In Space 


Terrestrial Effort 

The requirement for long life in the space environment will necessitate 
the development and evaluation of new adhesive formulations Low outgassing 
characteristics in the hard vacuum of space will be a requisite not only 
for the maintenance of structural Integrity, but also to minimize the 
contamination of critical surfaces, such as sensors, mirrors, and thermal 
control surfaces. Other requirements will Include resistance to space 
radiation and the ability to cure properly in vacuum. It is anticipated 
that premixing and freezing of the adhesive will be necessary to avoid 
the necessity of mixing the resin and catalyst in space for some application. 
Thawing of the adhesive and its introduction into the joints in a weightless 
environment will require the development of special equipment and tools. 

For other applications, prepreg film adhesives will be used. 

Typical, specimen joints will be made and evaluated for strength 
characteristics, dimensional stability, and resistance to simulated space 
invironments to select the adhesives for evaluation in space. 

Space Effort 

Further evaluation of the life characteristics of the selected adhesives 
will be accomplished by exposure of typical joints to the space environment 
on LDFF. Since a six-month exposure is not considered of sufficient duration, 
it is recommended that the LDEF mission be extended to 3 years duration so 
that joint specimens could be returned at various intervals throughout this 
time span by the Shuttle for evaluation of Earth. 

The joints will be returned in evacuated, sealed cannisters and evaluated 
for strengtn capability and dimensional changes in evacuated chambers 
to avoid any Earth atmospheric effects. Such tests will generate data which 
will provide for more meaningful extrapolations for longer time periods. 

Actual space demonstration of the developed bonding techniques and equipment 
will be conducted in orbit outboard the pallet of the Spacelab by experimenters 
equipped with space suits. Typical joints will be made in this manner 
and returned to Earth under protection in cannisters and evaluated for 
strength characteristics as described previously. 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. _2£ 


1 , TECHNOLOGY REQUIREMENT (TITLE): Long Life Polymeric paGE 1 OF 3 

Protective Coatings for Space Applications 

2. TECHNOLOGY CATEGORY: Structures & Spacecraft/Mechanical 

:i. OBJKCTIVE/ADVANCEMENT REOUTRFD- To develop protectlvti coatings of 
greater resistance to the space environment for use on solar cells, thermal tapes 

circuit boards, etc. 

L ('URUf-NT STATE OF ART: Protective coatings are available with various 

space compatibilities (outgasslng> thermal, etc.) but are not conslstant nor 
coniPl.etelv reliable. HAS BEEN CARRIED TO LEVEL 2 

3. DESC'RIl'TION OF Ti:CHNOLOGY 

Polymer chemistry has produced several protective coating materials that 
have been used In space applications with success as far as Is known (we 
need recovered mechanisms to check out their success). The epoxies, 
urethanes, silicones, etc. need experimentation In space to determine 
their long life usefulness. 


P/L REQUIREMENTS BASED ON: □ PRE-A.O A.H B,0 C/D 
<>. RATR )N’ALK AND ANALYSIS: 

a) Long life protective coatings are required for protection of external 
and Internal Items. Long life space test results are not available and 
must be obtained. 

b) LDEF type long duration platform. 

c) Long life mission performance will definitely be Improved or assurance 
of the Integrity (as to life) rf the coating will be determined. 

d) Long duration space flight la necessary In order to bring protective 
coatings to level 10. 


TO BE CARRIED TO LEVEL W 


> 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 29 

1. TECHNOLOGY REOUIREMENTmTLEl! Long life Polymeric 
Protective Coatings for Space Applications 

PAGE 2 OF L 

1 

====-J 


7. TECHNOLOGY OPTIONS: 


To depend upon Engineering extrapolation of earth laboratory data to fulfill 
the longer life missions. 


TECHNICAL PROBLEMS: 

Polymer chemistry’s investigation into new products and methods of synthesis 
of the material. 


[). POTENTIAL ALTERNATIVES: 
None. 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

To continue outgassing and contamination evaluation of present commercial 
products and extrapolation of the data to space applications. 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS; 
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DKl'INITION OF TECHNOLOGY REQUIREMENT 


NO. 29 


1 


1. TECHNOLOGY REQUIREMENT mTLEL Lone Life Polymeric I’AGE 3 OF 3 
Protective Coatings for Space Applications 


12. TECHNOLOGY REC^UIREM ENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
2 Analysis 

2. Development 

3. Testing 

4. Documentation 

5. 


1 1 


76 


7‘J 


60 


61 


62 


63 


61 


63 


6G 


66 


80 


00 


91 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. 


i;:. USAGE SCHEDUl.E: 


TECHNOLOGY NEED DATE 





9 




1 








■ 


NUMBER OF LAUNCHES 

■ 

■ 

■ 

■ 

■ 

■ 

H 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 



H REFERE.NCES: 


1C. LEVEL OF STATE OF ART 


1. 

2 . 

3. 


a\Sl< PHK‘,oMtNA Oivsi ..H> \S\) '{FIhihtKD. 

TIIfOH\ t J) It) I)J S( K^Ii^ i*!U SA. 

USIM' f\\ 

OH .M-Um VVTICU Momi., 

PtKU.Vi NT U NC Ti, OK t llAIlAt Tt HISTir Df MONSTRATI' D 
f .C., MATtltLKi., n I !i . 


5. COMiONINTOn HH .Al)W)AKn ItSTUMN Rl.l.I.VANT 
ENUKONMFNl IN TIU LAHORAl^tliY. 

«. MODKt TFS"!! 1) IN AIRCRAIT I NVIRONM) NT. 
t. MODEL TEST H> iS S!»\rj E.NMRUNMI N r . 

I. NEW CAPA14I.ITY IK Hm I) MMM A WX'W U.SSKH 
OPERA! ION A I. MODEL. 

f. Ri:LlARtLIT! ' Pt.RAIHSC 0| AN op HArh 'NAI MODLL. 
10. LIFETIME EXTENSIO.n OF AN OJ LH ION v!. Mol») 1.. 
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I)i;i IMTION OF TECHN(JL()GY REgUlllEMENT NO. 

1 TFCIINOI (K;Y KEC/LIHEMENT (TITLE): Long Life Adhesives for PAGE 1 OF 3 
Space Applications 

TE(’11N01.( >OY C'ATEtiORY: Structures and Spacecraf t/Mechanl cal 

lVK/Al)VANCKMKNT HECJUIHKD: develop improved long life 

adhesives for use space — solar cells» thermal tapes, structural honeycombs 


I. Cl KKKNT S'l'ATK ( )f' A HI • Today^s adhesives do a good job with occasional 
T/V failures. We do not know their 'space* durability as none have been 
r^qyered^ HAS BKKN CARRIED TO LEVEL 

l)ES(MIIMTlON ()| Ti:CMIN( )1.(K^Y 

Polymer chemistry must develop adhesives that are 100% reliable after a 
long term space exposure (5-10 years) as S/C life times are in the 5-10 
year range. Present day adhesive will fail occasionally in T/V testing 
or under ground assembly conditions. We do not know of their true space 
applicability as none have been recovered from space. The chemical- 
adhesive properties should be improved and long duration * space* exposure 
is necessary. 


P I, REQl IREMIM S BASED ON: □PRE-A.Q A.Q B,(3 C D 
• ; i; \ l l'»\A! I AND ANALYSIS: 


a) Present day technology is not 100% reliable. Better adhesives must be 
developed in order to assure us that our S/C missions will be 100% 
successful. 

b) Long term exposure to 'space* — LDEF 

c) Long life times and more assurance of payload mission success will be 
the end product of '".his effort. 

d) 10 


TO BE CARRIED TO LE\ EL]ji_ 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. 30 

1 TECHNOLOGY REQUIREMENT(TITLE): Long Life Adhesives for PAGE 2 OF L. 
S pace Applications. 

7 . TEC HNOI ,OG Y OPTIONS: 

To continue as today with selection of adhesives being made as Engineering 
extrapolations from earth laboratory data. 


S. TECHNICAL PROBLEMS: 

Development of improved adhesives by polymer chemistry. It may not be 
possible to do so by rearrangement of the molecular structure. 


;). POTENTIAL Al.TERNATIVES: 
None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

Continued analysis of commercial data on new products plus outgasslng, 
contamination, and other laboratory test data. 

EXPECTED UNPERTURBED LEVEL 5 

11. RELATED TECHNOLOGY REQUIREMENTS: 


\ 

Vs 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 30 


1, TECHNOLOGY REQUIREMENT ITIT^,E^: Long Life Adhesives for PAGE 3 OF _1 
Space Applications 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


10 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Analysis 

2. Design 

3. Development 

4. Testing 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4 . Documentation 


i;;. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


“I 

TOTAL! 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMLNA OBSl KVI D AM) HFPORTKD. 

2. TIIFOKY hC>KMULATtI) TO Oh: S( KIRK IMIl NOMFNA. 

3, THKOtO TFSTKI) DY PIIVsICAI. FXPLKIMKNT 

OK MAI IlFMATICAI. MODf I.. 

4 , plhtim;nt unction oh characteristic demonstrated. 

E.C.. MATEULAL, a.^>'PONKNT, EIC. 


5. COMPONENT OR RREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN TMK LAHORAlOHY. 

6. MODEL TESTED IN AIRCRAKr h NVIRON.MI NT. 

7. MODEL TESTED iN SIWCF ENMRvINMFNT. 

8 . NEW CAPAHILITY ni.Rm:D FfU)M A M'JCH LESSER 

operational MODLL. 

9. RELIAraLITY UPr'.RADING OF AN OPERA DONAL MODEL. 

10. LIFETIME EXTENSION OF AN Oi l \TI0N,0. MODKl.. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 31 

1 TECIINOI OGY REQUIREMENT (TITLE); High Temperature PAGE 1 OF 

High Thermal Conductivity Polymeric Materials 

2 , TFXHNOl.OGY CATEGORY: Structures and Spacecraft/Mechanical 

OBJECTIVT:/ ADVANCEMENT REQUIRED: To increase the thermal conductivity 
of polymeric materials for use at high temperatures, 


L CURRENT STATE OF ART: High thermal conductivity is controlled by fillin g 

with metal powders. It is proposed that the thermal conductivity be improved by 
rearrangement of the molecular structu re or by HAS BEEN CARRIED TO LEVEL ^ 

The technology of pol)mier chemistry is involved as the means of improving 
the desired property of the pol 3 miers. The technology of thermal/heat 
transfer will be involved in testing and evaluation. 


p/I. REQU IREMENTS BASED ON: □ PRE-A.Q A, □ B,0 C/D 

i; HA I K AND ANALYSIS: 

a) In some cases (planetary probes) high temperatures are encountered 
and good thermal control is very necessary. 

b) Long duration exposure facility with thermal control is required. 

c) Will be beneficial to planetary probes and others where high 
temperatures are involved. 

d) 10 


TO BE CARRIED TO LEVEL 




56 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 31 


1 . TECHNOLOGY REQUIREMENT(TITLE): High Temperature High PAGE 2 OF 
Thermal Conductivity Polymeric Materials 

7. TECHNOLOGY OPTIONS: 

To continue to extrapolate laboratory data and to design other methods/ 
materials for thermal control. 


8. TECHNICAL PROBLEMS: 

Polymer chemical structures- inherent thermal and physical properties of 
polymers . 


ij. j>oti:ntial alternatives: 

None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVAN '"EMENT: 

Continue to evaluate commercial products and to extrapolate - iratory data. 


EXPECTED UNPERTURBED LEVEL 5 


11. HEl.ATED TECHNOLOGY REQUIREMENTS: 




DEFINITION OF TECHNOLOGY REQUIREMENT 


t . TECHNOLOGY REQUIREMENT (TITLEL High Temperature High PAGE 3 OF 3 
Thermal Conductivity Polymeric Materials 


2. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . Analysis 

2. Design/development 

3 . Testing 

4 ^ Documentation 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

4 Documentation 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11 REFERENCES: 





TOTAL 



15. LEVEL OF STATE OF ART 


1. HASir rHKNOMt NA ORSf K\.U) AND 'tFfViliTKD. 

2. TiiFOH\ }f>nMriv\'in) TO r)i s( K’m ;miinomfna. 

3. IHKOK'j if Si [ 1) FIA rn^>U'AI, f \pkkimknt 

cm M AT 111 M ArU'AI. MOPI I,. 

4. PF HTIM NIK N('1 H>N OR «'HAHA( FFUIvSTir I)F MONSTRATED 

MATKUI.XI., (.('>' p()\F NT, nc. 


5. COMiONFNT OH RRE AO BOARD TtSTLD IN RELEVANT 

EN\nKONMFNl IN THE LAlK)RAl*OHY. 

6. MODEL TESTED IN AIRCRAFT KNVIRON.MF NT. 

7. MODEL TESTED IN SPA('K ENMRONMFNT. 

4. NEW CAPAMILITY DLR \T;D FROM A MUCH LESSER 
OPE RATION A I, MODLL. 

9. RELIARILITY Hpf'.RADINC, (>F AN OPERA HnNAl MODEL, 
10. LIFETIME EXTENSION OF AN Oi L RATION v!. MODEL. 








DEFINITION OF TECHNOLOGY REQUIREMENT NO. 32 

1 . TECHNOLOGY REQUIREMENT (TITLE): Improved Electrical PAGE 1 OF 3__ 

Conductivity Polymeric Materials 

2. TECHNOI.OOY CATEGORY: Structures and Spacecraft/Mechanical 

;j. OBJECTIVE/ ADVANCEMENT REQUIRED: To significantly Improve the electrl- 
cal conductivity of polymeric materials. 


1. CURRENT STATE OF ART: Electrical conductivity is Improved in polymers 

today by the addition of metals (powders, fibers) to the polymeric materials. 
This should be investigated bv rearrangement of BEEN CARRIED TO LEVEL — 

Polymer chemistry mast study and investigate the problem to determine how 
to increase the electrical conductivity of the material, by rearrangement of 
the chemical structure or some other such manner. 


P/L REQUIREMENTS BASED ON: QPRE-A.D A.Q B,0 C/D 
RATH )NALK AND ANALYSIS: 

Requires a long duration exposure facility to fully evaluate the end 
product. This product is needed to control the space change created 
in-flight spacecraft and other orbiting devices. 


TO BE CARRIED TO LEVELlO_ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 32 

1 . TECHNOLOGY REQUIREMENT(TITLE): Improved Electrical PAGE 2 OF 

Conductivity Polymeric Materials. 

7. TECHNOLOGY OPTIONS: 

To continue to develop 'fixes' for each condition as they arise by using 
Engineering Judgment and earth laboratory data. 


s. TECHNICAL PROBLEMS: 

Chemistry of polymers — may not be able to rearrange the chemical structure 
to achieve the objective. 


•). l>OTENTIAl. ALTERNATIVES: 

Use present day materials and rely on 'fixes'. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
To look at the problem on a very low priority basis, maybe never. 


EXPECTED UNPERTURBED L EVEL 2 

11. RELATED TE(T1NOLOGY REQUmEMENl S: 




I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 32 


1 . TECHNOLOGY REQUUiEMENT mTLEL Improved Electrical 
Conductivity Polymeric Materials 


12. TECHNOLOGY REC^UIREM ENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis 

2. Design and Devel. 

3. Testing 

1 Documentation 


APPLICATION 

1. Design (Ph C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

•L Documentation 


. USAGE SCHEDULE: 


TECHNOI (;GY NEED DATE 


NUMBER OF LAUNCHES 


11 REFERENCES: 


l^AGE 3 OF 3 



mUMBiH 


15. LEVEL OF STATE OF ART 


1. Iv\sir PHKNUMt.NA Or\Sh H\'\ D AND RKpnUTLD. 

2 . TIlMlH’i [ I) lo |)t s( K-IH PHINOMENA. 

3. THK>u^ TKsrinn> pii\ ^ k'ai. i mkhimknt 

OK \I Mill M \ I ir \I \un)t I,. 

4. K MM N » J I N( I It IN OH < HAH \( rKKISTir MONSTRATKD, 

F.t- . MA 11- 1(1 \ [ , ( M . I !('. 


5. COMt»ONFNT OH lUU.Al>KOAIU3 1 t STKO IN Kf l-KVANT 

ENVIHONMFNT IN r:U. LA IW)RATOUY. 

6. MODFL TFnTF I) IN AIFU lUMI t NVIFKiN.MI M . 

7. MODFL TF.STI.P iN SVM'Y FNVIHoNMf N I 

8. NEW CAPAUIUTY PI IP Vi I) fHOM A \1«’01 I.KSNKR 

OPERA! ION A I- MODLL. 

». w:liakiuta uhoradiv; me vn opkK/\ ir 'n.u, mcmill, 
10. LIFETIME EXTENSION OF AN OI 1 lUT ION vL MOPV L. 











DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1, TECHNOLOGY REQUIREMENT mTT.E\- Retention of Liquid PAGE 1 OF _L 

Lubricants by Passive Means Under Passive Conditions 

2 . TECHNOLOGY CATEGORY: Structures & Spacecraft /Mechanical 

:!. OBJECTIVE/ ADVANCEMENT REQUIRED: Evaluation of Barrier Films and 

Labyrinth Seals to reduce/prevent the loss of liquid lubricants from creep/ 


evaporation. 


1. CURRENT STATE OF ART: Art carried through earth laboratory evaluation 
and has been applied in Isolated cases to Flight Mechanisms. Have not been able 


to determine value of the film/seals as actual 


as 




The technology of retention of small quantities of a liquid lubricant 
"in place" during the operation of the s/c mechanism has advanced to 
the state that barrier films and labyrinth seals are used with full 
ground laboratory testing and with positive results. The films and 
seals must be evaluated in a long duration space flight with recover- 
able components in order to completely confirm the benefits of their 
use. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,D B,0 C/D 

RATIONALE AND ANALYSIS: 

a) In the past, Lubrication Technologists have used more than necessary 
quantities of lubricants to do the job. Now, the same people are using 
smaller quantities/just enough to do the job and we cannot afford to 
lose any of the lubricant. Therefore, low surface tension barrier films 
and labyrinth seals are used to prevent/reduce the loss of the lube by 
creep/evaporation. Long duration space flights are needed to confirm our 
decisions. 

b) Long duration space flights are required to complete evaluation of the 
film/seals. LDEF. 

c) All missions using liquid lubricants will be benefited by this 
evaluation. Those with moving mechanisms (failtires) and sensitive 
instruments (degradation of output) are especially to be benefited. 

d) At present, the technique is being applied to some selected flight 
Instruments. We need recovered mechanisms to definitely prove out the 
use of the films/seals. 


TO BE CARRIED TO LEVEL 10 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 33 

1. TECHNOLOGY REQUlREMENTmTLE^! Retention of Liquid PAGE 2 OF ... 

Lubricants by Passive Means Under Passive Conditions. 

7. TECHNOLOGY OPTIONS: 

Use best effort. Engineering Judgments to do the selection of the lubrication 
methods. But the two concerns would still be creep/evaporation and contamina- 
tion of adjacent sensitive Instruments. 


8. TECHNICAL PROBLEMS: 


None. 


‘J. POTENTIAL ALTERNATIVES: 
Best Engineering Judgments. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

It Is now planned to use or not use the barrier films /labyrinth seals as 
specified by the Lubrication Technologists. 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Surface chemistry. 
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DKI'IiMTION OF TIX'HNUI.OGY HEQIJIUKMENT NO. 33 

1 . TKC’llNOl.OOY lUXn'lliEMENT /TlTl.Ek Retention of Liquid PAGE OF _3_ 
Lubricants by Passive Means Under Passive Conditions. 


11^. TECHNOLOCIV HE(^i;iKKMENTS SCHEDULE: 

CALENDAR YEAR 


SrilEDL l.E ri'KM 

Bl 


n 

D 

ffl 

QQ 

Bl 

^91 

B 9 

Bl 

Q| 

Bl 

Bl 

B 

QH| 

B 

Bl 



TKC'IINOLOG’i 
1- Flight 

2 , Post flight analysis 
and documentation 

;o 

1 . 

5 . 






1 

1 














APPLICATION ' 

1. Design (Ph. CT 

LL Devi/ Fab (Ph. D) 

Operations 

1. Post flight anal.& 
documentation 

1 

1 

1 

1 


1 


1 


1 

1 

1 


1 



1 

1 

1 

■ 

i 


1 



USA(;E SCHIEDLLE: 


TIX'IINOI.OGY NEED DATE 

■ 

■ 

■ 

■ 

■ 

■ 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

M'MBER OF LAE\(TIES 

■ 

■ 

■ 

■ 

■ 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 



1 1 REFERENCES: 


5. COMiONJM on JUa\i)Ml>AKD a^TM)IN nu t VAM 
KNVIHONNUNI fV( UGXTt *HY . 

fi. MOm I. 1) IN A1K( i M . 

7 . Mi>un. Tf sn I> iN 

8 . Ntw CAPAlill IT'i M.mM a SV\\: IKs.^KH 

OrFJUKOSAl MODLI 

9 . HKLUnil.IT^ I.noHAIHNO OF V*' ol’I K^\ i I' N \i 

! 0 . UFtTIMK i XTF NMON OF AN OJ I >t\ 71 QN v’. MQHM . 


1 5 . LE VE L OF STATE OF ART 

1. HANIi r»IF NoMF NA 1 )K^l lt\ 1 !) V\[) '{F p< iHl I I) 

2. rm ojn o ' kmi'[^\ 1 1 imo lu mm ;’!ii^omfna. 

3. iiiMP/. nsiih'n 

OK \t \ 1 III M \ I K ■ M M( >|'I 1 , 

4 . rFHiiNiS' M N( 1 1 ' i\ ' M( I H \K \i ri msi i(’ OF m<.jnstratf n, 

F .0 V. \ I F 1:1 \1 J ' 1-0 .M 1 . I ’ V . 








DEFINITION OF TECHNOLOGY REQUIREMENT NO. 34 

1 . TECllNOI.OGY REQUIREMENT (TITLE): Retention of Liquid PAGE 1 OF 3 

Lubricants "In Place’* Under Dynamic Conditions. 

2 . TECHNOLOGY CATEGORY: Structure & Spacecraft/Mechanical 

;i. OH JEC'TIVE/ ADVANCEMENT RECJIITRED- Evaluation of barrier fllms/labyrlnth 
seals to reduce/prevent the loss of liquid lubricants by creep/evaporation In 

the space environment In a dynamic condition. 

I . CURRENT STATE OF ART: Barrier fllms/seals are used to date In selected 

cases to prevent /reduce loss of lubricant bv creep/evaporatlon but we have not 
bee n able to fully evaluate their usefu lness. HAS BEEN CARRIED TO 1-EVEL _ 

DESCRIPTION OF TECHNOLOGY 

The tecnnology has been carried through the earth laboratory evaluation 
stage and Into Its selected use on a few flight mechanisms. Full testing 
will not be completed until long duration space flight and test mechanjsms 
are recovered and examined on earth by the Experimenter. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.C3 C/D 

II HAITI )\A1.F AND ANALYSIS: 

a) Lubrication Technologists In the past have used more lubricant than 
necessary as that was the state of the art. Today, the same people 
are recomnendlng the su. :llest quantity possible In order to do the 
job. As there Is no excess and the operational conditions will be 
dynamic, we must be able to retain all of the lubricant ’In place'. 

b) Long Duration Exposure Facility 

c) All missions using mechanical components will benefit by these efforts 
as long life and non-contamlnatloi will be more assured. 

d) Must be space flight proven. To date this has not been done unquestion- 
ably. 


TO BE CARRIED TO LEVEL 10 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 34 

1 TECHNOLOGY REOUIREMENTrTITLEl: Retention of Liquid 
Lubricants 'In Place* Under Dynamic Conditions. 

PAGE J OF 


7. TECHNOLOGY OPTIONS: 


Use the present methods as determined by best Engineering Judgment and try 
to justify mecuatiical failure or optical/sensor contamination on a minimum 
mission basis. 


H. TECHNICAL PROBLEMS: 
None. 


!). POTENTIAL ALTERNATIVES: 

Best Engineering Judgment basis or ground evaluation. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

It is now planned to use/or not use the film/seal technique as specified by 
the Lubrication Technologist on a best judgment basis. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Surface chemistry, mechanical design. 


KEFKODUGUilLlii ui n*.. 


DRliD^AL PAG£ 18 POOR 
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DKI INITION OF TKCHNOLOGY HEQlJIUEMENT 


NO. 34 


1 . TKCHNOl.OGY HEOUIKEMENT mTLE^: Retention of Liquid 
Lubricants 'In Place' Under Dynamic Conditions. 


PAGE or 3 


12. i.'^CHNOI.OGY HEQUIHEMENTS SCIIEDUl.E: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1* Flight 

2. Post flight evaluatio 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

.) . Operations 

1. Post documentation 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 



marnmmwmmmmmm mmmmmmmmmmmmmm 


IL liEFERENCES: 


15. I EVEL OF STATE OF ART 


1. liASlC l'»U NU'.U NA \.M) 'iri'<>RTU). 

2. M'llMI 1.AIM) H) I)ls( ;m,1 NOMINA. 

3. Iffloc.t |'ir> ^IrAI. 1 HIM! NT 

OH \» V 1 m .M UU‘.U Mo[‘| I . 

4 . W HllNi N » n N( I .ON tm 4 HAILV Ft KISTU' {>} MONSTRATFD. 

F.l'» , ‘lATHUU , ^'•^’^*O^^^T ‘ !i 


ft, CONitONFNTOn ftia.AliHOAKn ItSTI.DiN Rf.LtVAM 
KNVIHONMI NI IN ; l.AhOR\lVHY. 
ft. MOP‘ L TtSIUMN AIIU'KAM INVIHONMIM. 

T. MOUFt TFSri 0 iS S!‘.\C( t.NVIRoNMINI 
ft. NtW CAPAIUI ITY D: HiVrl) HtOM A M”CI 1 U SbKH 
OPfRAIIONAl. .^toDU. 

f, Rt.LtAlttl.lT\ UIM.RAIMSi: iU A^ oPI RArM NAI MOULl., 
Ift. UIFTIMF I XTrS.NION Ul AN 0 | I RATION O. MODI 1 ,. 
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DKFINITION OF TECHNOLOGY REQUIREMENT NO. 35 

1 TECHNOLOGY REQUIREMENT (TITLE): Effects of Space PAGE 1 OF 1_ 

Environment on the Properties of Specific Polymeric Materials 

1. TECHNOl OGY CATEGORY: Structures and Spacecraft/Mechanical 

;!. OBJECIIVE/ ADVANCEMENT RECJIITREDt To expose specific polymeric material s 
to the space environment for comparison to earth laboratory data; to expose 

specific polymers for a long time (3-5 years) in space> 

L ( I KRENT STATE OF ART: Laboratory data has been collected and compiled fo r 
use by Designers and Engineers but no space flight data is specifically known. 
HAS BEEN CARRIED TO LEVEL ^ 

O. DESCRIPTION OF TECHNOLOGY 

The technology involved is polymer chemistry and outgassing, contamination 
and physical properties of polymeric materials. 


P/L REQUIREMENTS BASED ON: Q PRE-A,Q A.Q B,0 C/D 
<; KATK t\A! V. AND AN ‘ LYSIS: 

a) Need li,ap d. ration exposure data to compare with out earth laboratory 
data. 

b) Long Duration (?-5 years) Exposure Facility- LDEF 

c) Improved materials selection for many missions and especially reduction/ 
prevention of loss of sensor data quality by contamination from outgassed 
products. 

d) 10 

THE 


TO BE CARRIED TO LEVEL 


REPRODUCBlLiry OF 

ORKSCNAL k*ACB !S P< 


I 

r 

» 

I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 35 


1 . TECHNOLOGY REQUIREMENTfTITLEL Effects of the Space PAGE 2 OF 

Environment on the Properties of Specific Polymeric Materials 

7. TECHNOLOGY OPTIONS: 


To continue to select p^^lymeric materials for space flight using earth 
laboratory data only. 


TfXHNICAL PROBLEMS; 


None. 


[). POTKNTIAI. ALTERNATIVES: 


None. 


in. PLANNED PROGRAMS OH UNPERTURBED TECHNOLOGY ADVANCEMENT: 


To continue to evaluate new polymeric materials and select the most 
promising ones for space use without data on their reaction to the actual 
space environment. 


EXPECTED UNPERTURBED LEVEL _5 


11. RELATED TECHNOLOGY REQUIREMENTS: 






OKFIXITION OF TECHNOLOGY REQUIREMENT 


NO. 35 


1 . TECHNOLOGY RIOQUIREM ENT rTlTLE^: Effects of the Space 
Environment on the Properties of Specific Polymeric Materials 


PAGE 3 OF 3 


12. TECHNOLOGY RE(^LTRF:M ENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. Documentation 


. USAGE SCHEDUl.E: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


M. REFERENCES: 




15. LEVEL OF STATE OF ART 


1. IlASir PHKNOMLNA OIVS^ UVl D AND UFIViKtKD. 

2. TIIKOR^ KPI(Mri.A'n D TO nt S( K’HF IMilNOMf-NA. 

3 . THM»[0 ITSJKD BY PH\ ^'.OAL J \ PKKIMKNT 

OH MAllIKMATir.U, MOIV I,. 

4. PKKriNIM H N( TiON OK OlAHAi TF KISTIC DV MONSTRATED. 

F.G.. MATKKIAL. n<'. 


5. COMi*ONENT OK nREAmOAFiD 1 bSTEt) IN KEI.F VANT 

ENVIRONMENT IN TKK UAKOIUTVKY. 

6. MODEL TESTED IN AIRCRAFT Y NVIRONMFNT. 

7. MODEL TFSTI D iN SPACT ENVIRONMF.NT. 

8. NEW CAPAKIUTY DI.RlM.n FROM A M'TII LESSER 

OPERATIONAL MODLL. 

9. RKLIAKILITY IJPt.RADINC OF VN OPERA 1 1« 'N AI MODEL. 

10. LIFETIME EXTENSION OK AN Oi l lUTION sL MOIU L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 36 


1 TECHNOLOGY REQUIREMENT (TITLE): Space Repair of PAGE I OF 

Polymers in Electronic Assemblies 

li. TECHNOLOGY CATEGORY; Instrument Electronics 

:i. OBJECTIVE/ ADVANCEMENT REQUIRED: The objective of this program Is to 

develop aad demonstrate the materials, methods, and equipment appropria te for 

the application of conformal coatings and for potting to repair electronic 

assemolles fn tKe space envfrohmehtr 

L C'LRRENT STATE Of ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESCMUI^TION OF TECHNOLOGY 


See Page 4. 


P/L REQUIREMENTS BASED ON: □ PRE-A,Q A,Q B.Q C/D 
<; KATinXAl.K AND ANALYSIS: 

The conformal coating and potting of electronic assemblies may be required 
in space as repair procedures. These will have to be performed in an 
environment which is not necessarily compatible with presently available 
materials and procedures developed for Earth operations. Gravity will not 
be present to assist in the filling of all the voids* Volatile components 
of the polymers can readily outgass and result in deleterious changes in 
composition and resulting properties. 


TO BE CARRIED TO LEVEL ]_ 


71 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE): Space Repair of Polymers PAGE 2 OF jL 
in Electronic Assemblies 


7. TECHNOLOGY OPTIONS: 


S. TECHNICAL PROBLEMS: 


, POTENTIAL Al.TERNATIVES: 


K). PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


See Page 4. 


EXPECTED UNPERTURBED LEVEL 


LI. RELATED TECHNOLOGY REQUIREMENTS: 









DKI'INITIUN UF TP:CHN0L0GY REQUIREMENT 


NO. 36 


TECHN('I.OGY REQUIREMENT ^TITl.E): Space Repair of Polymer s RAGE 3 OE i — 


in Electronic Assemblies 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . Material Development 

2. Technique Develop. 

3 . Test & Evaluation 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Eab (Ph. D) 

3 . Operations 

1, Past Flight Analysis 


USAGE SCHEDUl.E: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11. REFERENCES: 



mimiiiinni 


15. LEVEL OF STATE OF ART 


1. Iu\sir PHhNuMhNA OJISI KVl H -XNI) RFT'OinViD. 

2. TIIfOK\ mo IH M K:hI IMIINONUNA. 

3. THHilUi UMIhnY l'H\ I NT 

OH M \ 1 Ml M\ nr \l MtHM 1. 

4. PLKlIMNi I I N( noN OH ( HAHA( Tf HISTK' I>1 MONST KATKD, 

F.(i. , M \Tl HI \l . { 1 '^•I‘o^l NT , I I 


5. COMiHDNFNT on niu.AmK)Am') 1 tSTLD IN HF.l.KVANT 

FNVIKONMFNI IN TMF LAMORAlVIiY. 

6. MOPFL TKSlt 1) IN AmcKAH h NVlRON.Mi NT. 

7. MOUFL TFSTi n IN SPA('r FNVHH >NMFN i . 

8. NtW CAPABIUTY HI O MH)M A M'R'll l.KSSKH 

OPE HAT IONA L MODLL. 

9. m;LlAIMi.lT\ lJpr,H^\|)'Nr i)| \N OPFR.\ I H -NAl MOOKI,, 

10. LIFETIME EXTENSION OF AN OI I SLVTION MOnV E. 











DEFINITION OF TECHNOLOGY REQUIREMENT 


I 


NO. - - 36 

1 . TECHNOLOGY REQUIREMENT (TITLE): Space Repair of Polymer spAGE 4 OF ^ 

In Electronic Assemblies 


Current, space-approved conformal coating and potting formulations will be 
subjected to long-term outgasslng tests to establish the quantity of volatile 
components. Selected materials will be modified to reduce the amount of 
outgassing and evaluated in comparison with the standard formulation for 
processing problems and adequacy for the intended applications. Methods of 
vacuum degassing in a controlled manner and of packaging the degassed 
materials will be studied and evaluated. Compos iton changes and characteris- 
tics affecting the application of the resins to typical electronic assemblies 
will be investigated. Techniques will be devised for applying the polymens 
to typical worst case hardware configurations and evaluated. Any new or 
modified polymers developed in this program will be tested for requisite 
properties, such as dielectric ttrength. 

The repair techniques developed on Earth will be evaluated in the actual 
space environment on the pallet of the Spacelab during an orbital mission 
by Spacelab crew members in the EVA mode. 
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DEFINITION OF TECHNOLOGY *{EQU1REMENT 


NO. 


37 


1 . TECHNOLOGY REQUIREMENT (TITLE): Basic Studies of the p^GE 1 OF JL 
Relation between Molecular Structure and Mechanical Behavior of Polymers 

2. TFCHNOI.OGY CATEGORY: Basic Materials Research 


;i. OBJ EC TU^E/ ADVANCEMENT REOTITRED! generate an understanding that 
will permit design of poxymers for specific mechanical applications. 

i. CUUKENT STATF OF ART: 


HAS BEEN CARRIED TO LEVEL 


o. DESClilPTION OF TECHNOLOGY 


Multidisciplinary studies in pol)rmer chemistry and mechanical deformation 
to elucidate the relationship between the detailed molecular structure of 
a polymer molecule and the mechanical behavior of the polymei: 


P/L REQUIREMENTS BASED ON: □PRE-A.Q A,Q B,D C/D 


KATln\Al,i: AND ANALYSIS: 


It is now possible for polymer chemists to synthesize a series of molecules 
with regularly varying structures. These series can be used to make polymers 
whose variation in mechanical properties can be directly correlated with the 
molecular structures. This approach will eventually lead to guidelines for 
polymer synthesis for specific application as structural materials as well 
as for the matrix component of composites. Current research is in the 
beginning stages. It should be encouraged and augmented. 


TO BE CARRIED TO LEVEL _ 


’5 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. _38 


1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

Basic Studies of Polymer Matrix Composite Structure Behavior 

2. TECHNOLOGY CATEGORY: Basic Materials Research 

;j. OBJECTIVE/ ADVANCEMENT REQUIRED! To develop fundamental understanding 
on the atomic level o/ matrix composite structure and behavior In or der to 

provide guidance for applications and the synthesis of new materials. 

L CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEV EL 

o. DESCRI]>TION OF TECHNOLOGY 
Studies such as the following: 

1. Study of the relation between graphite fiber morphology and the 
mechanical behavior of the fibers and of related composites. 

2. The chemistry of polymers for composite applications. 


P/L REQUIREMENTS BASED ON: DPRE-A^n A,Q B,D C/D 

RA'rh >NAEF AND ANALYSIS: ^ 

Ac present temperature limitations and environmental instabilities are 
problems whose elimination would increase the breadth of cvpplication of 
polymer matrix composites. In addition costs could be reduced without 
sacrifice of properties if new fiber materials were developed. The latter 
developments can be made more efficiently if a greater basic understanding 
existed of the mode of operation of the presently successful graphite fiber- 
the relationship between its st..ucture, composition, manufacturing variables 
and mechanical properties. New polymer matrix materials will result if 
there is a contamination and expansion of the present research on the 
chemistry of polymers designed for this specific purpose. 




TO BE CARRIED TO LEVEL 



dkfinitic;n of technoix)gy requirement 


1. TECHNOLOGY REQUIREMENT (TITLE) : 
Basic Studies in Electrochemistry 


PAGE 1 OF 1 


2. TECHNOLOGY CATEGORY; Basic Materials Research 

OBJECTIVE /ADVANCEMENT RKOTITREDr To obtain fundamental understandin g 
in areas of electrochemistry and physical chemistry that pertain to the 

development of better batteries. 


i. CUHRf]NT STATK OF ART: 


3. DKSCRI1»TK)N OF T1-:C HNOLOGY 


Studies such as 


HAS BEEN CARRIED TO LEVEL 


!• Polymeric structure for battery separators. 

2. Electrochemistry of high concentration electrolyte systems. 

3. Electrode reactions and electrodepositon morphology. 


P/L REQUIREMENTS BASED ON: □ PRE-A,n A.n B,n c/d 


fi. EATK )NALE AND ANALYSIS: 

Electrochemical systems in the form of batteries will always be Important 
components of space systems. Greater efficiency in terms of specific 
weight and long lifetime will be constant demands. Historically, battery 
development has occurred with a minimum of basic understanding of the 
details of the electrochemical processes Involved. Current research has 
shown that substantial benefits can be reaped from basic studies of as 
widely varied problems as the mechanism of operation of battery separators 
and the morphology of zine deposition and its dependence on the charging 
cycle. Basic Research in the electrochemistry area should be supported at 
greater than the present level. 


TO BE CARRIED TO LEVEL 


V 




» 


DKI- INITION OF TECHNOLOGY REQUIREMENT NO. ^0 

1 TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

Physics and Chemistry of Organic Superconductors 

2. TECHNOLOGY CATEGORY: Basic Materials Research 

;i. 013J EC TIVE/ ADVANCEMENT RECJllTRF.D- To develop concepts for superconduc- 
tlve materials for application to higher temperatures then those obtainable 

with metals, 

1. CHJKUKNT STATK OF ART: 

~ HAS BEEN CARRIED TO LEVEL _ 

DESCM{IPTI()N OF Ti:CHNOTOGY 


Theoretical solid state studies and research in synthetic organic 
chemistry. 


P/L REQUIREMENTS BASED ON: QPRE-A.D A.Q B.Q C/D 
<i UATIONAI.F AND ANALYSIS: 


Super conductivity at temperatures even as high as room temperature give 
promise of untold benefits to mankind. It has been hypothesized that the 
mechanism of superconductivity in metals can be duplicated in organic 
molecules of appropriate st>"u^'ture. At present detailed molecular 
structures have been proposed and attempts are being made to synthesize 
them. The NASA support of this research should be augmented. 


TO BE CARRIED TO LEVEL ( 
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DKFINITION OF TECHNOLOGY REgUlHEMENT 


NO. 


I TKC’llNOl.OGY IHXiUlHEMENT (TITLE); Low Thermal PAGE 1 OF i__ 

ixpanslnn Composite Materials for Space Stru ctures 

2 . TIXHLN'OLOGY CATEGORY: St-rnr-fnrai and Spacecr af t / :ier han ^ r a 1 

OHJE('TlVE/ ADVANCEMENT REOUIRED: Reduct-d thermal Pvpana<nn 

coefficient materials to Improve dimensional fifah^^^^y of large 

s pace antennas subject ed rn ^hprma1 

I . Cl miENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 

.■). DESCRIPTION ol TECHNOLOGY 

Dimensional control of large space structures subjected to 
thermal cycles from varying exposure must be controlled to 
.1cm. Active control of stability will be used to augment 
the materials limit of stability. 


P/L REQl'IREMl NTS BASED ON: [jfPRE-A.n A.Q B.Q C D 
C. R.\T1«»\A!,I AND ANALYSIS; 

Monolithic materials for dimensional stability have thermal 
expansion coefficient of about 1 cm/cm/°K. Graphite fiber 
composites can achieve coefficients tc about 0 . 1 cm/rr,. . 

Lower thermal expansion fibers of graphite and perE ip.- 
negative expansion ceramic fibers are possible. Coniu i n i ; ions 
of these fibers into a composite structural way wit*' t i:e 
proper fiber ply orientation may reduce thermal expa’sion 
control levels to coefficient value. O.Olcm/cm/^K. 


TO BE CARRIED TO LEVEL _ 
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DKl- INITION OK TECHNOl.OGY HIOQUIKEMENT NO. ^2 

I Ti:niNol,(H.V KKCJI IHEMKNT (TITi.E\r Standardization of PAGE 1 ()!• .L. 

Coipposite Materials Processing and Testing 

TKClIN* >1 .<k;V CATKGOliY; 

oniKC'l IVi;/ ADVANCEMENT REtJEIKED: To reduce the rea ' and apparent 
scatter in properties of composite materials by review and standardization of 

processing, inspection and testing methods. 

I. ( I \U\K\T STATK OF AIM: 


HAS bp:fn carried to level 


i)FS(’ini'Tio.\ Ml ri:('iiNoi.o(;Y 


Considerable scatter in separate material properties results from lack 
of standardization of processing. Scatter Ln measured properties obtained 
for a given lot of material tested at different laboratories can be traced 
to variation in test techniques. 


I' E REgi lUEM IM S BASED ON: □PUE-A.D A,n 
f. i; \ I I' i\AI I AM) ANAI VSii: 

Reduction of scatter in composite material properties would increase design 
allowables stress levels that would decrease structural weights. Reduced 
volumes of composite also would decrease the cost of the component and 
increase the portions of the space structure that can be considered for 
composite materials. 


TO r>K CARRIKI) to level 







DKFINITION OF TECJINOl.OGY HE(^MKEMENT NO. 

1 f FCIINOI OC.Y RE(JI IREMKNT (TITI.E^r Effect of Long Duration i>aGE 1 OF J_ 
Space Exposure on Properties of Composite Materials 

TE(’IliN01.< >(;V CATEGORY: 

; ; . ; i-J i;( ”F I V !•: / a D V A NC EM E N T F? EC^ U I K ED : Composite materials are being and 

wi 1 1 be used more extensively in space structures > Long term reliability and 

the effect of space environment must be determined to design for safe long 
duration applications”. 

I. (’I HIUvNT STATK OF AKT: 


HAS BKEN CARRIED TO LFVKL 


DKSiMUFTION OF TFCMINOl.OCY 

Data will be obtained on the effects of space environmental for long times. 
Metal matrix and polymer matrix components will be exposed in space for 
times up to 10 years in a pa. ve satellite such as LDEF. Composite panels 
including epoxy, polyimide and aluminum matrix with a range of fiber 
contents from 30 to 70 volume percent, and varying fiber ply orientations 
will be exposed. Varylu^ thermal cycles may also be inclucUi. 

Panels in the exposure facility should be removed at periodic inte'^vals* 
returned to earth and evaluated, A modular exchange mechanism similar 
to that proposed by Goddard might be adapted to permit individual panel 
exchanged in orbit. The opportunity to add panels provides the option of 
introducing improved composites developed as part of the continuinc; 
composite development program. One input to that improvement is the data 
on space environmental effects. 

P L REQUIREMENTS BASED ON: QPRE-A.D A.Q H.Q C D 
<; l!A rio\Al I AND ANALYSIS: 

The weight of space structures such as antennas and vehicles may be reduced 
by up to 50 percent by using composite materials instead of c nventional 
materials. Further reliability requirements for space structures can be 
much more stringent than for earth applications. Long service life is also 
required. The space environment can be sufficiently antayonistic to cause 
degradation. Polymer matrix composites can be embrittled by radiation 
outgassed by the vacuum and aluminum matrix composites may be degraded by 
thermal cycling. Data ace needed for space application of materials for 
the little known space environment, the need for data for composites, 
a newer material, is greater. 


TO BK CARRIED TO EE VET 
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DKHNITION OF TECHNOLOGY REQUIREMENT NO. 

1 TECHNOLOGY REQUIREMENT (TITLE): Characterization of pagE 1 OF 
Damage Mechanisms Assoc * a ted with Failure and Degradation of Composite Materials 

2. TECHNOLOGY CATEGORY: (9) Structural and spacecraft mechanical 

OBJECTIVE/ ADVANCEMENT RECJIIIRED- To identify mechanisms associated 
with composite material degradation as related to material configuration and 
dimensions, and service environment, including loading and chemical (Coot*d) 

L CURRENT STATE OF ART: Constant amplitude cyclic loading time to failure 
with no chemical environment input. General trends with environmental variable s 
bei ng ident: ^ led. HAS BEEN CARRIED TO LEVEL X 

>. DESCR1I*T{'»\; op TECHNOLOGY 

It is generally accepted that the next major improvement in utilizing 
materials at significantly higher strength levels will be accomplished 
through mure widespread use of advanced filamentary composite materials. 
Composite materials development has reached the point inhere reliable, 
predictable, reproduceable resin matrix material is available to the exte.it 
that stardardlzation of certain systems is near realization. Metal matrix 
composite material has reached the state of development where high quality 
Boron Aluminum and Bor-Sic Aluminum can be produced to individual 
specification. The major deficiency in technology development of the entire 
class of advanced filamentary composite materials lies in the understanding 
of damage mechanisms which can cause degradation of failure in service. 
Presently, the utilization of these materials appears vital to almost any 
(Cont ' d) 

P/L REQUIREMENTS BASED ON; m PRE-A,n A,n B.n c/d 
( i. RATIONALE AND ANALYSIS: 

Laboratory test programs have progressed sufficiently to demonstrate that 
classical damage mechanisms of crack initiation and growth, crack stability, 
and environmental reaction and Interaction as developed and applied to 
structural metals and other Isotropic materials are not directly applicable 
to composite materials. In addition, the unique opportunity to tailor 
composite materials with respect to reinforcing direction will require 
characterization of many combinations of ply lay-ups which may result in 
major differences in damage modes. The process of delamination and load 
transfer by alternate paths needs additional experimental work in order to 
develop models for predicting cumulative damage and failure times. 

Extensive experimental programs to Investigate environmental effects of 
temperature, moisture, radiation, erosion, gaseous reaction, and their 
synergism with the loading environment are required. Effects of space 
radiation and hard vacuum on damage produced by cyclic loading are needed 
in order to develop predictive performance capability for very long duration 
missions. Experimental programs should identify variables which have a 
significant effect on the damage mechanism and which should be included as 
Inputs for developing analytical models to predict performance. 

TO BE CARRIED TO LEVEL __ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 44 


1 . TECHNOLOGY REQUIREMENT(TITLE): Characterization of PAGE 2 OF A 

Damage Mechanisms Associated with Failure and Degradation of Composite Materials 
7. TECHNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 

Definition of environment interaction required real time testing and 
associated long lead time for providing structural reliability for 
very long life components. 

y. POTENTIAL ALTERNATIVES: 

None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

New composite materials development. 


I » 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 44 


1. Tt.-rHNni nr.Y requirement mTl.E^: Characterization of __ PAGE 3 OF 
Damage Mechanisms Associated with Failure and Degradation of Composite Materials 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis and design 
of experiment. 

2. Specimen preparation 

3. Exposure and Testing 

4. Analysis design and 
model. 

5. Development of long 
life prediction 


APPLICATION I 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 



TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



LEVEL OF STATE OF ART 

1. BASIC PHKNOMKNA OWEBVl.t) AND nEPORTED. 

2. THEORY KOItMl'LATEI) TO DESCK'UE PHENOMENA, 

3. THEOin TESTED BY PHYSICAl. EXPERIMENT 

OR MATHEMAllCAl, MODEI., 

4. PERTINENT U NCTION OR CHARACTERISTIC DEMONSTRATED. 

E.C., MATEItUE, COVPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAIORY. 

S. MODEL TESTED IN AIRCRAET ENVIRONMENT. 

T. MODEL TESTED IS SP.YCE ENVIRONMENT. 

8. NEW CAPAIULITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

8. RELIARILITY OJHJRADINC OE AN OPERATIONAL MODEL. 
JO. UFETIME EXTENSION OE AN OI LRATION VI. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


j 1. TECHNOLOGY REQUIREMENT fTITLE^; Characterization of PAGE ^ OF A 

Damage Mechanisms Associated with Failure and Degradation of Composite Materials 


(Continuations) 

3. effects and their Interaction. To develop damage theory models and 
analytical techniques to predict materials behavior In service. 

5. space mission where large, lightweight structure Is required. These 
Include large microwave reflectors, antennae, solar farms, space 
telescopes, and space stations. 


\ 
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DL'I'INITION OF TECHNOLOGY REQUIREMENT NO. ^5 

1 . TECHNOl.OGY REQUIREMENT (TITLE): Manufacture of Composit e paqe 1 OF 1 

Materials In Space 

2. TECIINOI-OGY CATEGORY: 

OBJECTIVE/ ADVANCEMENT REOIITRFn- Develop materials processes and 

equipment to fabricate very long structural members In space. These se c tion 

structural members so produced can be assembled Into light weight structures in 
space. " ' 

I. CL Jt REN T y TA TE O F A RT : 


HAS BEEN CARRIED TO LEVEL 


5. DESC RIPTION OF TECHNOLOGY 

Polymer matrix prepreg or aluminum ingot and form fiber spools can be 
transported in a much smaller volume as bulk material then an array of 
composite structural beams or tubes. Processing equipment and techniques 
suitable for space fabrication will be developed and evaluated in research 
on earth. These will be adaptions of existing technology modified as 
necessary. It may be found that improved composite materials are required 
at a future date; consequently, fabrication techniques should be evaluated 
in a space environment to increase confidence. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.Q C/D 

(>. RATIONALE AND ANALYSIS: 

Antennae structures from 100 to 1000 meters have been indicated as possible 
for space application. Large structures of this size have been indicated 
by the structures group to be larger than optimum for earth manufacture. 
Assembly of earth fabricated scructural elements is possible; however it may 
be advantageous to orbit raw materials and fabricate the structural elements 
in space. Partly to reduce the volume orbited but also to make long thin 
elements not easily produced with earth gravitational effects. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


46 


1 . TECHNOLOGY REQUIREMENT (TITLE) : PAGE 1 OF 1 

Materi al s and Procesttes for Assembly of Structures In Space 

2. TECHNOLOGY CATEGC>RY: Structural and Spacecraft/Mechanical 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Develop joining procedures, (l.e. 

weldingt brazing, bonding) for assembling modular composite structural element s 

(i.e. tubes and beams) to make light weight structures such as antennas as 
large as iuuu meters. ~ ~ ~ 

4. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

Joining methods will be adapted for space use, demonstrated in tests on 
earth and at a later date considered for space demonstration. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A.Q B.Q C/D 


6. RATIONAEE AND ANALYSIS: 

It has been proposed that structures above a certain size, for example 
antennas larger than 30m In diameter, should be assembled In space from 
structured elements brought up to space* Structures larger than 100 
meters may benefit from assembly In space of structured elements 
manufactured In space from bulk raw materials. 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


47 


1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF _1_ 

Basic Solid State Physics of Metal Matrix Composites 

2 . TECHNOLOGY CATEGORY: Basic Materials Research 

■ 3 . OBJECTIVE/ADVANCEMENT RFOITTRED- To develop fiindamental understanding 

of the strucuture of the composite at the atomic level In order to provide 

guidance for their development manufacture and application. 

4. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESCUIl'TION OF TECHNOLOGY 

Studies such as the following will be made: 

1. Internal friction and elasticity of boron fibers 

2. Internal stress distributions in fibers produced by chemical vapor 
deposition and the effects of stress distribution on mechanical 
properties. 

3. Physics and chemistry of fiber-matrix Interfaces. 

4. Thermal fatigue in composite structures. 


F/L REQUIREMENTS BASED ON; Q PRE-A.Q A.O B.Q C/D 
(!. HATIONAl.K AND ANALYSIS: 

The development of metal matrix composites has been based either on existing I 
technology or by the pursuit of fruitful approaches developed by cut and try « 
methods. The state of the art is now at a point where the development of 
basic understandirig can provide the most profitable approach to improved 
materials. Examples are: (a) a better understanding of the nature of the 
fiber-matrix bond and its contribution to tensile strength and impact 
strength, (b) an understanding of the stress distribution in the fiber and 
its effect on the mechanical behavior, (c) the role of the unusual 
anelasticity of boron on its mechanical properties and on fabrication of the 
composite. New basic problems will arise as the spectrum of uses widens. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


48 


1. TECHNOl.OGY REQUIREMENT (TITLE): PAGE 1 OF 

Studies of Creep and Fracture Mechanisms In Composites 

2. TECHNOLOGY CATEGORY: Basle Materials Research 

;5. OBJECTIVE/ ADVANCEMENT RKOIlTREDr To develop an understanding of the 
mechanisms of energy absorption and fracture In composite structures In order 
to guide development and application. 

{. CURRENT STATE OF ART: 

~ HAS BEEN CARRIED TO LEVEL 



<5. RATlONAl.K AND ANALYSIS: 

The deformation and fracture of a composite material are processes of a 
higher order of complexity than those manifested in homogeneous materials. 

It is necessary to Increase the understanding of the modes by which load is 
transformed from matrix to fbe fiber, the behavior of the fiber-matrix bond 
during straining the effect of surface flaws on crack Initiation, the role 
played by c •» grown- in stress distribution in the fiber, and other questions 
whose elucidation will lead to better materials. Basic research in these 
areas is minimal or non-existent at present. 


TO BE CARRIED TO LEVEL 
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SPACE MATERIALS mBNQLOGY RBQUII^MZirS 

OpEXsrtunity Driven 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


49 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF _i_ 

Development of Directionally Solidified Eutectic Compounds In Space 

2 . TECHNOLOGY CATEGORY: 

UBJKCTIVK/ ADVANCEMENT REQUIRED: Develop new materials with a 



continuous fibrous phase, that is, fewer defects in the eutectic structure, by 



0. ration A UK AND ANALYSIS: 

Metallic superalloy (e.g., nickel-columbiuzn) eutectic compounds can be 
used for high strength jet engine turbine blades or optical slits or glassy 
compounds can be used for laser windows « The reduced convection of the 
molten material, and the qulescient conditions of spacecraft in orbit are 
considered to be beneficial to the achievement of this^ objective. It is 
believed that a more nearly perfect structure could be produced in low 
gravity. Economic studies indicate that this work could save vast amounts 
of fuel and money in the aircraft industry. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


50 


1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 2 

Contai nerl ess Casting and Shaping of Reactive Metals I n Space 

2 . TECHNOLOGY CATEGORY: 

;L OHJECTIVE/ ADVANCEMENT REQUIRED: electromagnetic, electro- 

hydrodynamic and acou s tic levitation and control equipment) aided by low gravity) 

to contain an d to shape reactive metals and ceramics without molds ) crucibles or 

other containers. ^ ~ ' — 

1. CURRENT STATE OF ART: Metals and ceramics react with the mold) crucible 

or shap i ng conta ine r, Silicon single crystals are sliced from a rou like (Cont *d' 
^HAS BEEN CARRIED TO LEVEL 


r>. DESC^RIPTION OF TECHNOLOGY 


Some prototyi-v of apparata for levitating molten material have been built) 
and much additional effort Is required for Instrumentation of the Initial 
demonstration flight equipment Including storage) levitating) melting) 
cooling) capturing and final storage for return of a simple sphere. Once 
the material Is handleu successfully) laboratory studies of the differences 
In chemical purity and metallurgical micro-structure are required. More 
advanced Instrumentation for shaping molten material other than spheres 
during levitation will be required in development and in flight experiment 
demonstrations. Only then can metallurgists '‘ave the tools to do research 
and try new solidification techniques using zero gravity not only for 
eliminating containers but for controlling strur.ture. 


P/ L REQ UIREMl- NTS BASED ON; □PRE-A.Q A.Q »,□ C/D 
<!. RATH ).\A1.E AND ANALYSIS: ^ 

Many special metal requirements are not being filled currently because 
metals and ceramics react with the mold, crucible or shaping container. 

The production of ribbon "extruded” silicon single crystal in which wafer 
could be cut out like cookies rather than sliced from a rod like salami 
would be a major advancement to electronics If the flat surface were 
undisturbed. Tungsten x-ray targets and filaments need higher purity for 
longer life and safety as do thermionic devices for energy production and 
control. Most of these are small and of high unit value. Control and 
handling of the product by levitation In low gravity with electro-magnetic 
or acoustic fields would eliminate chemical reactions with containers. 


TO BE CARRIED TO LEVEL 



t 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 50 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 2 OFJ_ 


Containerless Casting and Shaping of Reactive Metals In Space 



(Continued) 

4. salaal and the flat surface Is disturbed. Tungsten x-ray targets and 
filaments need higher purity for longer life and safety as do thermionic 
devices for energy production and control. 
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DKFINITION OF TECHNOLOGY REQUIREMENT NO. 

I TKniNOl.OC'.Y REQUIREMENT (TITLE): Fabrication^ Assembly PAGE 1 OF _i_ 
and Joining of Materials for Large Space Structures 

1 . TEniNOLOC.Y CATEGORY: 

OliiECTIVE/ADVANCRMENT RECJUIRED- Develop processes for producing 
and joining light-weight structural materials (e.g., rods and aheeta of metal 

foams) in apace for large space structures. 

I. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 

.■>. DESCmi'TfON OF TFCIiNOLOCY 

Materials and processes research in foamed metal, design of a modular 
space assembly system, design of tooling to produce the desired panels in 
space and planning and implementing a space experiment to prove the 
concepts An ir^tial space experiment is needed to produce the foamed 
metal in the low gravity and vacuum conditions of space. 


P/L REQUIREMENTS BASED ON; QPRE-A.D A.Q B.Q C/D 

RATIo\AI i: and analysis: 

The large space struc*".:re will be needed to provide for an antenne f^r 
transmission of solar electric power to earth« a mirror for direction of 
concentrated solar radiation to earth-based power generators, either 
voltaic or thermal, and for a space station for habitation of space 
> onstruction and maintenance workers. Thus, a space structure is needed 
in the near future to support the energy needs of earth. A space-base for 
other needs (e.g., manufacturing and research in low gravity) will be 
needed later. The foamed-metal in-space technique will allow materials 
of CO' ^truction to be transported easily in the Space Shuttle in compact 
form a. d deployed in space as a large, light-weight structure. Otherwise, 
many trips of the Space Shuttle will be required if li^ht-weight, pre-formed 
but bulkly modules are produced on earth for erection into a space structure. 


TO BE CARBTKD TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


52 


I 1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

; Space Processing of Ceramics and Glass 


2. TECHNOLOGY CATEGORY; 

3. OBJECTIVE/ ADVANCEMENT REOTITRF.D; The objective of this program Is to 
develop experiments utlllzlne the space environment to gain Information and 


understanding of some of the basic phenomena and behavior associated with the 


(Cont d 

. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


5. DESt'IURTION OF TECHNOLOGY 


See Page 4. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.D C/D 


6. RATIONALE AND ANALYSIS: 

Ceramics and glasses have Important applications both in space missions and 
on Earth. Ceramics exhibit high- temperature strength and inertness to 
certain environments and are critical to the performance of advanced 
nuclear and solar power systems. Special glass compositions possess 
characteristics critical to certain optical and laser applications. 
Development of new ceramics and glasses with enhanced performance and the 
Improvement of present compositions depend upon gains in the following 
characteristics : 

•Purity and homogeneity of ceramics and glasses 

•Grain size of ceramics 

’Freedom from crystallization in glasses 

The space environment provides he opportunity to produce materials with- 
out a container because of the absence of gravity. Contalnerless processing 
and melting avoids the introduction of contaminants into the material from 
the container. Further, absence of a container allows solidification of 
molten material without providing nucleatlon sites from contact with 
container walls. Certain complex glass compositions are especially prone 
to deleterious crystallization of this type. Likewise, grain size control 
in those ceramics produced by the melting process would be more readily 
(Cont’d P. 4) TO BE CARRIED TO LEVEL __ 


REPROPUCffiiLmr OP the 

ORIilNAL PAOfi IS POO:i 






DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE): _ 
Space Processing of Ceramics and Glass 


PAGE 2 OF 


. TECHNOLOGY OPTIONS; 


8. TECHNICAL PROBLEMS: 


y. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


See Page 4. 


EXPECTED UNPERTURBED LEVEL _ 


11. RELATED TECHNOLOGY REQUIREMENTS- 





DEFINITION OF TECHNOLOGY REQUIREMENT 

NO.' 52 

1 TEC HNOLOGY REOUIREM ENT (TITLE) : 

PAGE 3 OF A 

Space Processing of Ceramics and Class 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 

TECHNOLOGY 

1. 

Analysis 

2. 

Ground-bases exp. 

3. 

Space exp. 

4. 

Test and Evaluation 

5. 


APPLICATION 

1. 

Design (Ph. C) 

2. 

Devi/ Fab (Ph. D) 

3. 

Operations 

4. 




i;5. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



(a) OA Input on Space Processing for 1975 OAST Sumner Workshop. 


15. LEVEL OF STATE OF ART 


1. BASIC PHSNOMtNA OBSERVED AND HEPORTED. 

2. THEORY ^t>UMCLATED TO DESCRIBE PHENOMENA. 

3. THEOlU tested BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT UNCTION OR CHARACTERISTIC DEMONSTRATED. 
E^G.. MATERUL» COVPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORAIORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENMRONMENT. 

I. NEW CAPAHILITY DERIVED FROM A MUCH LESSER 

operational model. 

t. REUAMLITY UPGRADING OF AN UPERATH'NAL MODEL. 
10. LIFETIME EXTENSION OF AN Ol'LRATlON.U. MODEL. 








DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 52 

1. TECHNOLOGY REQUIREMENT ^TITLE^: 

Space Processing of Ceramics and Glass 

PAGE A OF 4 




Present space processing programs involving ceramics and glasses have 
not addressed certain areas which have Important implications to 
industry. As examples of these areas, two have been selected for 
discussion here. These are (1) the formation and control of bubbles 
in glass; and (2) the behavior of fine powders during compaction. 

Bubble behavior during glass processing is of major significance in 
the production of containers because of the effect that bubbles have 
on the strength and failure characteristics of containers. This 
problem has plagued the glass industry for years and is of major 
financial significance because of the large tonnage involved. Bubble 
formation and behavior in molten glass in the Earth environment involves 
the interplay of the weak forces of surface tension and gravity. Space 
offers a new avenue of research towards the solution of this problem 
since it provides a means of studying bubbles in glass free from the 
influence of gravity. Experiments in the Spacelab will be designed 
involving the melting and processing of glass so that bubble formation 
and behavior can be observed and recorded. The effects of various 
additions to the glass will be studied and of variations in processing 
parameters. 

The majority of ceramic products are produced by the compaction of fine 
powders followed by firing at high temperatures. The properties of the 
products depends to a great extent upon the effects of the processing 
parameters on the microstructure of the ceramic. Such factors as 
powder size, shape, and surface charge as well as compaction pressure 
and time have important effects. A clearer understanding of powder 
behavior during compaction and sintering would be useful in the 
development of new or improved ceramics either by space processing or 
terrestrial manufacturing. It is expected that the weightlessness 
afforded by space would provide the opportunity to acquire this 
understanding. Carefully designed experiments will be conducted in the 
Spacelab to study systematically the various parameters involved in 
powder compaction and processing without the effect of gravity. Powder 
size and distribution, particle shape, surface charge, pressure, time 
and temperature will be studied. 

(Continuations) 

3. processing of ceramics and glass. From the information gained, 
the development of new and improved ceramics and glasses either 
by space or terrestrial processing, as applicable, would be pursued. 

A. involved to provide a basis for solving problems to Improve 

terrestrial manufacturing processes. Another class of experiments 
in space will be designed to solve other problems by the development 
of processing methods for the production of improved materials in 
space. 
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CANDIDATE FLIGHT EXPERIMQIES 



1 

1 

1 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 

NO. 5a 
PAGE 1 


1. ref.no. 


PREP DATE 
CATEGORY 


REV DATE 



LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 


TECHNOLOGY ADVANCEMENT REQUIRED 
Detezmine the effects of long tem ex- 


posuze to space envircnnent ana tne ex- 


pected gaseous oontaminaticn cn the operational capability of refractory alloy/ 


liquid allcali metal heat pipes. It is anticipated that aont^anlnatlon nay < 


s of the refractory alloy and increase the oocroeion 


rate <x the refractory 



4. SCHEDULE REQUIREMENTS I 
PAYLOAD DEVELOPMENT LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 


.YEARS. TECHNOLOGY NEED DATE —^-985 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Knowledge of the extent and effects of contamination fran 
the relatively poor vacum of near space can allow irprcvenent of heat pipes 


and shielding medianisns and subsequent reliability inparovenent in the 






POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS 
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1 


TITLE Refractory Metal Heat Pipes NO. ^ 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8 SPACE TEST OPTION jest ARTICLE: System should contain power aouroe for 
naintaining on T-lU/Li and one W/Li heat pipe each at 1800, 2300, and 280QOF« 


TEST DESCRIPTION : ALT. (max/min) 150 / 300 km, INCL. deg. TIME 4000» hr 


BENEFIT OF SPACE TEST: Confinn prior around tests on the visabilitv of heat pipes 


in near space* 

EQUIPMENT; WEIGHT 

kg, SIZE 

X X m, POWER 


kW 

POINTING 

STABILITY 

DATA 



ORIENTATION 

CREW: 

NO. OPERATIONS/DURATION 

/ 


SPECIAL GROUND FACILITIES: 







existing: 

YES □ 
95% 

NOO 



_ TEST CONFIDENCE 

GROUND TEST OPTION 

TEST ARTICLE: 

Heat Pipes of Ta T-lU/Li 




TESTOESCRIPTION/REOUIREMENTS; Hold l^t pipes at high teciaeratures (1800 to 
2800®P) for long times in simulated space environn^t^ 


SPECIAL GROUND FACILITIES. Hltra-hi^ vacuum test chambers vath controlled leak 

of gases found in near space. 

EXISTING; YES m NO □ 

GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 60% 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ ) 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK S 


IT nOR .») Tlh 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. 5b 
PAGE 1 


1. 

ref.no. 

PREP DATE 

REV DATE 

LTR 



CATEGORY 




title Refractory Metal Ccntamination 


LEVEL OF state OF ART 


CURRENT I UNPERTURBED 


REQUIRED 


3. TECHNOLOGY ADVANCEMENT REQUIRED 

Near sgaoe is eame c ted to be sufficiently 


contaminating to refractory metals, par- 


tantalim, as to signaficantly degra 


extent or contamination nor 










4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE iZSii 

PAYLOAD DEVELOPMENT LEAD TIME 2 YEARS. TECHNOLOGY NEED DATE .1985 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Knowledge of space oontendnation effects on the mechanical 
properties of refractory metals is requited to allow proper design and pro- 



.ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS 
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1 

TITLE 

Refractory Metal Contamination 


NO. 5b 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION test article? Sheet and/or wire of candidate refrac 
alloys. 


TEST DESCRIPTION : ALT. (max/min) 150 / 300 km.INCL. 

Re * • * 


Earth for neasurenent of residual 


dag, TIME 4000» hr 




BENEFIT OF SPACE TEST: Confirm prior ground tests on space oontaroination effects 

on mechanical properties of refractory allays. 


EQUIPMENT; WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE 

.STABILITY 

CREW: NO. 


X m, POWER 

DATA 

OPERATIONS/DURATION 


existing: yes □ NO m 

TEST CONFIDENCE 


9. GROUND TEST CP FION TEST ARTICLE: Mechanical property test specimens of 
refractory alloys. 


tests in sinulated 






space envirotment. 


SPECIAL GROUND FACILITIES; Hicrtr vacunn Creep and expot 
leaks of space gases to suiulate ^oe environnent. 


GROUND TEST LIMITATIONS; 


Items with controlled 


.EXISTING: YE^fl NO □ 


10. SCHEDULE & COST 

TASK 

m 

1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


TEST CONFIDENCE 60% 


GROUND TEST OPTION 



GRAND TOTAL 


11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK S 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PAGE 1 


life 


2. TITLE Lidit Metal hi 
Stability 


Tine. Low Garth Qrt>it 


on Mechanical 


LEVEL OF STATE OF ART 


TECHNOLOGY ADVANCEMENT REQUIRED 

Provide long eaqxjeure baseline mechaniczd current unperturbed 

property data for very thin gage li^it 6 6 


metal allays of berylliun and faerylliun - alunimxn alloys to: Provide design 




REQUIRED 


10 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE ^979 
PAYLOAD DEVELOPMENT LEAD TIME 1 YEARS. TPrHwmnnvMKr 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS lta|]iroved Structural reliability of very long life 
structural systensTocncxments (2) Consideration ot residual mechanical 



POTENTIAL COST BENEFITS Cost benefits must be wei^md on the basis of 
increased probability of mission success. 


.ESTIMATED COST SAVINGS $ 



7. REFERENCE D0CUMENTSA:0MMENTS A forecast of space Technology 1980-2000^ 
final draft Outlook for Space. 


FT (TDR II 7/75 
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TITLE Li^t itietal alloys - 
mechanical stahilit-v 


NO. 7_ 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jEST ARTICLE; gage structural element test 

speciments 


TEST DESCRIPTION : 

Expose elenenta 


ALT. (mix/min) 500 / 200 km. INCL. any dig, TIME 5 

eciroens to SPEioe envircnnent arri ti»inrr> for- resiiSual n rcr 


BENEFIT OF SPACE TEST: Acoess to iictual radiaticn» micro-meteorites / and 
vacuum environnent. 


EQUIPMENT: WEIGHT 50 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


.STABILITY 

CREW: NO. 


.5 X .3 m. POWER 

DATA 

OPERATIONS/OURATION 


__ existing: YES □ NO □ 
.TEST CONFIDENCE 0^9 


9. GROUND TEST OPTION TEST ARTICLE: Thin gage structural elanent test 

specimens 

TEST DESCRIPTION/REQUIREMENTS: Expose specimens to high intensity OV and 

simula te d micrcmeteoTOid envircnnients euxi measure residm*i property 


SPECIAL GROUND FACILITIES: 


.EXISTING: YES m NO □ 


GROUND TEST LIMITATIONS: Lack of accurate enviroiinentj*! wrytoUTVf 

TEST CONFIDENCE 0.7 


10. SCHEDULE & COST 

TjASK CY 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 
TECH NEED DATE 


SPACE TEST OPTION 


GROUND TEST OPTION 


.1 .1 .1 .1 

GRAND TOTAL 


78 

79 

80 

81 

82 

83 

.02 

.05 

.2 

.0: 

.0: 

.02 








II GRAND TOTAL | 


11. VALUE OF SPACE TEST $ 

12. DOMINANT RISK/TECH PROBLEM 


,77MII grand TC 

(SUM OF PROGRAM COSTS S . 


COST IMPACT PROBABILITY 


j COST RISK S 

n noR ;*i ? 75 
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FUTURE PAYLOAD TECHNOLOGY NO. ” 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. REF. NO. 


,PREP DATE 
CATEGORY 


l^lpe^^aft/He(AandL(^ ' 


2. TITLE 

Enviror*ents. 




Metals in 




TECHNOLOGY ADVANCEMENT REQUIRED 
Provide alloy theory for the use of 


as primary 


LEVEL OF STATE OF ART 


CURRENT I UNPERTURBED REQUIRED 


eK±ive metals include sodiun, potasslun. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

(Xir present materials technolociy has cpmai from our need to 
use materials in tlW ^j^ific chemical environnent of ear^u It seems unreason- 



Potentially unlimited 


.ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE Prooessin ti and Use of 0^en>lcallv~Aetive Metal s lit Space 
and Plai^tai^* BTvi r onnents. 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


NO. 9a 
PAGE 2 


8. SPACE TEST OPTION tpst ABTir;i p- Active elfiB>6n t .7.l lav fonnaLion» wantt~ 
facture, pnx . jg and evaluaticn in the space errvjGiX«r^t. 


TEST DESCRIPTION : ALT. (max/min) 


' • i'U'.!. 


deg, TIME 


BENEFIT OF SPACE TEST. Material evaluaticn o f .«< .-v-i l'ic alloy oonpoaiti 
for Biaoe-related envirorments without exj-».': > r.’ to the enviroraient. 


EQUIPMENT; WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE 

.STADILIIY 

CREW; NO. 




TEST DESCRIPTION/REQUIHEMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


X m, POWER •‘W 

DAI A 

OPERATIONS/DURATION / 

existing; yes □ NO □ 

TEST CONFIDENCE 


. GROUND TEST OPTION 

TEST ARTICLE: 




^EXISTING, yes □ NO n 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3 MFG & C/0 


4 TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


TEST CONFIDENCE 


GROUND TEST OPTION 



GRAND TOTAL 


11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


ISUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


( 1 .'I / /s 













1. ref.no. 


FUTURE PAYLOAD TECHNOLOGY NO. ^ 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


PREP DATE REV DATE LTR 

CATEGORY Structaires and Spacecraft/MeCTanical 


TITLE Solid-Solid Metal Dniarittlanent in the 


Envircnnent 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
The theoaretical extension of the 


of liquid 


solid metal aibrittlenent or vapor so 


LEVEL OF STATE OF ART 




CURRENT UNPERTURBED 


REQUIRED 



4. SCHEDULE REQUIREMENTS I 
PAYLOAD DEVELOPMENT LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS ^ more corplete understanding of envircrmental enteittlcRient 
allowi^ a more accurate prediction of the life ot a roetai structure eaqpoeed 


duration in the apace envircnnent. Solid metal enbrittlement and/or 


vapor metal anbrittlgnent of a metallic structure in spaoe presents a pofaen tia 
probleni area 






POTENTIAL COST BENEFITS metal Structures or 

structures or intimate exposure to 


vAuch may^ poten 



REFERENCE OOCUMENTS/COMMENTS 
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BEPRODUCIBIUTY of the 
ORMCNAL PAGE IS POOR 












1 


1 



TITLE Solid-Solid Meted. EMorittlenent in the SpeK» Environnent l«jO. 

~PAG1 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TtST ARTICLE: liong-tem exposure of "deem" metal eur- 

faoes to other "clean** metal wfaces or "vapors** of other netals as a 

measure of long-term degradation of structured life» 


TEST DESCRIPTION : ALT. (max/min) ______ / INCL. deg, TIME hr 


BENEFIT OF SPACE TEST: Maintainanoe of clean surfaces for long duration and the 
potential creation of hi^ partial pressure meted ve^xars without a significant 


1^1 of (xntemnaticn. 
EQUIPMENT: WEIGHT 

kg, SIZE X 

X m, POWER 


kW 

POINTING 

STABILITY 

DATA 



ORIENTATION 

CREW: NO. 

OPERATIONS/DURATION 

/ 


SPECIAL GROUND FACILITIES: 



EXISTING: YES 

□ 

□ 

o 

z 



TEST CONFIDENCE 


GROUND TEST OPTION 

TEST ARTICLE: 





TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


EXISTING: YES □ NO □ 

GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE 8( COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















T.oH NEED DATE 














GRAND TOTAL 


1 GRAND TOTAL 



11. VALUE OF SPACE TEST $ q|: program COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


I COST RISK $ 

r 1 n DR hib 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


REF. NO. 


PREP DATE 


CATEGORY 


title NLyr/MJE Earth and Space 


REV DATE 


PAGE 1 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


TECHNOLOGY ADVANCEMENT REQUIRED 
To advance the tecnnology of non- 


destnictive methods for the detection 


eind evaluation of macroscopic flaws in materials. Such that the tecdmi 


could be directly applied in space. 


REQUIRED 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Inspection of erected spaoe structure will have to be 
performed and techniques and procedures for doing this will have to be 


established. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS S 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE NDT/NDE Earth and Speuse 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jEST ARTICLE: 


NO. 10 
PAGE 2 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: Perfonnanoe of actual tests to gain confidenoe in pro- 

oedures and equipment. 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 


_ kg, SIZE X X m, POWER 

. STABI LITY DATA 

CREW; NO. OPERATIONS/DURATION 


SPECIAL GROUND FACILITIES: procedures for Specific joint geometries, etc.. 

will first be established by ground testing. existing: yes Q no Q 

TEST CONFIDENCE 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS; 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


EXISTING: YES D NO □ 


10. SCHEDULE & COST 


1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 


TECH NEED DATE 


11. VALUE OF SPACE TEST $ 


SPACE TEST OPTION 


TESTCONFIDENC 


GROUND TEST OPTION 


COST 1$) 



GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 



12. DOMINANT RISK/TECH PROBLEM 

COST IMPACT 

PROBABILITY 


COST RISK $ 



! 1 n OR .») 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


11 


NO. 

PAGE 1 


1. 


2 . 


REF.NO._ _PREPDATE _ REV DATE LTB 

CATEGORY Struc tura l 8ncl 

influenoe of Lonig~^enn Space EIxposure on iccaliTiati Plasticity in wetauST 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
More odiplete understanding of the 

LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 

of localized plasticity on 




flaw growth a«l strain esnerqy release rates in metallic stnictures. 

A more 

ocm>lete understanding of how long-tenr. ejqxjsure to high vacuun tawironaents 

can influenoe both the character ana ease 

Of dlslocaticn rooTU.cn in oiw 

alloys. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS The long-tem exposure of itetal struct ures may gr^tly 
influenoe the ease of local plasticity. Such a n influenoe may significantly 
dianqe flaw growth rates thus signifi cantly moditying the ^)piicabie exastic- 
pT^^c failure criteria for a structure to he used in the enyiroranenr. of 
spaoe» 

POTENTIAL COST BENEFITS 


ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS 






REQUIRED SUPPORTING TECHNOLOGIES Theoretical developments in inelastic 


fracture mecdianics. 



7. REFERENCE DOCUMENTS/COMMENTS 


"V 


FT (TDR U 7/75 


114 


reproducibility of the 

DRlilNAL PAGE IS POOR 





TITLE Influence of Long*^Tenn Space E>^osure on Localized Plasticity NO, H 
in Metals, PAGE 2 


COMPARISON OF SPACE 8e GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: Long-term exposure of various conoentra- 
tions of flawed metal alloys together with a mecisure of flaw growth and Clergy 

release ratio. 


TEST DESCRIPTION : ALT. (max/ttiin) / km, INCL. deg, TIME hr 


BENEFIT OF SPACE TEST: Maintenance of a very high vacuum for long durations at 


various levels of contamination. 

EQUIPMENT: WEIGHT 

kg, SIZE X 

X m, POWER 



POINTING 

STABILITY 

DATA 



ORIENTATION 

CREW: NO. 

OPERATIONS/DURATION 

/ 


SPECIAL GROUND FACILITIES; 







existing: yes 


Non 



TEST CONFIDENCE 

9. GROUND TEST OPTION 

TEST ARTICLE: 





TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


EXISTING; YES D NO □ 

GROUND TEST LIMITATiONS: 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST IS) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (Sy^ OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


I COST RISKS 

M n DR mb 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. _ 
PAGE 


1. 

REF, NO. 

PREP DATE 

REV DATE 

LTR 



CATEGORY 




TITLE Solar Cell Solder Connections With Extended Life During Thermal 


Cycling In Orbit 


TECHNOLOGY ADVANCEMENT REQUIRED 
Develop an in(>roved joint-solder ccmbin- 


ation for siliocn solar cells to elimin- 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 




piiit] 


uig in orbit for more than 60^ 


lead-tin solder reacts with silver and titanixm barrier and contact layers 


causing odtarittlement eind mechanical breakage of individual joints resulting 


in reduced power output with time in orbit* 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

n*wi iCAr\TiftAC 3 wi^An^ 


PAYLOAD DEVELOPMENT LEAD TIME 


YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Solar Cell arrays operating in earth orbit go throu^ a 


thermal gr£Klient as iruch as 12(PC, fron sun to earth shadow. Most of the ef- 


ajra«i>j 


ion) but embrittlement of the solder joint to the contact layer on the cell 


cannot* Hard inter-metallic ocnpounds are 



HEAD^ etc*) have been overdesigned in expectation of re- 


duced output with time. Longer life and increased power requirements for energy 


programs in space or on eartn win pee- «TiMATEDcosTSAWiMG<;^ 20*DOO*000.0 






, 


on to tne metax xurgica 

RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS 



REQUIRED SUPPORTING TECHNOLOGIES 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE Solar Cell Solx3er Cannections With Extended Life During NO. 12 

Thernal Cycling in Orbit PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION 7EST ARTICLE: Solar Array 


TEST DESCRIPTION : ALT. (max/min) 240 / 180 km, INCL. cUiy deg, TIME 3yrs» MC 


BENEFIT OF SPACE TEST; Synergistic ocnbination of all enviromental parameters. 


EQUIPMENT; WEIGHT 200 kg, SIZE 2 X 2 X Q.Q2 m, POWER Ncgke kW 
POINTING Solar Rector stability +1^ data 


ORIENTATION 


CREW; NO. 


OPERATIONS/DURATION 


/ 


SPECIAL GROUND FACILITIES: 


existifg: yes □ NO □ 


.TEST confidence 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


.EXISTING: YES D NO □ 


GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE & COST 

TASK 


CY 


1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


77 


78 


79 

80 













GRAND TOTAL 


COST ($) 


look 

150k 

500k 

200k 


950k 


GROUND TEST OPTION 


GRAND TOTAL 


COST ($1 


11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK S 


1 n no ?T.> 
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FUTURE PAYLOAD TECHNOLOGY NO. _ 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 


1. 

ref.no. 

PREP DATE 

REV DATE 

LTR 



CATEGORY 




Metals in Space 



LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


TECHNOLOGY ADVANCEMENT REQUIRED 
To easily and reliably produce strong 


inetallurgiced bonds for the space 


welding techniques. Ihese techniques would tend to be particularly suited to 


the “clean" space enviroment. 


assarbly of metall ic stru ctures bY utilizing cold resistance, and explosive 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS The placement of very large structures in space, e.g,. 


antennae, solar cell arrays, etc., necessitates their fabrication "in-situ 


Thus, modular subsystems or individual ccnpcnents must be joined in the space 


environm^t. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 
TECHNICAL PROBLEMS 


REQUIRED SUPPORTING TECHNOLOGIEI 



REFERENCE DOCUMENTS/COMMENTS 


FT (TOR 1) 7 7h 


KliFRODUClBlLlT^ OF UiL, 
ORWINAL PA^'E IS POOR 















I 


title Joining Metals in Space 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jEST ARTICLE: 


NO. 

PAGE 2 


TEST DESCRIPTION 


ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: Actual practice of performing the appropriate joining 

qperatiens. 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 


_ kg, SIZE 

.STABILITY 

CREW: NO. 


X m, POWER 

DATA 

OPERATIONS/DURATION 



SPECIAL GROUND FACILITIES: High vacuum fabrication facility for performing 

collateral work on earth. EXISTING: YES □ noQ 

TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: 



TEST DESCRIPTION/REOUIREMENTS: 


SPECIAL GROUND FACILITIES; 


GROUND TEST LIMITATIONS: 


,EXISTING: YES D NO □ 


10. SCHEDULE 8i COST 

TASK 

m 

1. ANALYSIS 


2. DESIGN 


3 MFG & C/0 


4. TEST& EVAL 


TECH NEED DATE 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ ) 


COST IMPACT PROBABILITY 


COST RISK $ 


9 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REOUIREMENT 


PAGE 


REF. NO. 


PREP DATE 
CATEGORY 


XITLE Solid State Diffusion Studies 


8/9/75 REV DATE 

Basic Mat^ials Research 


LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


TECHNOLOGY ADVANCEMENT REQUIRED 
To obtain diffusion data for systans 


requiring very high teni^eratures and 


container l ess conditions for the purpose of acoitulation of data required for 
applications (ex« oonoatability) and for increeised accuracy of information on 


hi^ tenfjerature roaterials. 



SCHEDULE REQUIREMENTS I 
PAYLOAD DEVELOPMENT LEAO TIME 


FIRST PAYLOAD FLIGHT DATE 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Would eliminate the need for inaccurate extrapolation 

of iong time^ lew tenperature experiments and (2) would make data available 



POTENTIAL COST BENEFITS 


ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS 



120 













I 


TITLE Solid State Diffusion Studies NO. 19 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION test ARTicLg; Diffusion specimens exposed to vaciain and 

controlled high ten^>erature (1000^ C and higher) — levitated to eliminate need 
for container material for qaeciineans. 


TEST DESCRIPTION: ALT. (maK/min) / km, INCL. deg, TIME hr 

Sanples e:q»sed to above conditions for hours to days, RetumecTto earth for 

sectioning and analysis. 

BENEFIT OF SPACE TEST; Elimination of container oontamination and possibility of 
running tests to high ten{>eratures for shorter times. 


EQUIPMENT; WEIGHT 

kg, SIZE X 

X m, POWER 

kW 

POINTING 

STABILITY 

DATA 


ORIENTATION 

CREW: NO. 

OPERATIONS/DURATION / 


SPECIAL GROUND FACILITIES: 






existing; YES n 

NoD 



TEST CONFIDENCE 

GROUND TEST OPTION 

TEST ARTICLE: 




TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


EXIS1ING; YES D NO □ 

GROUND TEST LIMITATIONS; The ea^aeriments described above cannot be performed on 
the ground. 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST IS) 







COST IS) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST& EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


j COST RISKS 

■ lit nr? .'I / /') 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 2L 

PAGE 1 


1. ref.no. 

PREP DATE 

8/9/75 REV DATE 

LTR 


CATEGORY 

Basic Materials Research 



ero g. 



3. TECHNOLOGY ADVANCEMENT REQUIRED 
Det&snination of phase diagram details 


at low pressures for 


better define ocnditions vouch might 


hcnogenieties. 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED REQUIRED 


to geis 





4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Definition of oonditlcns for inproved metal pacoducts cast 
in vacuum and ^^ce manufacturing techniques. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 
TECHNICAL PROBLEMS 



REQUIRED SUPPORTING TECHNOLOGIES 



REFERENCE DOCUMENTS/COMMENTS 













1 






TITLE Phase Diagram Studies at Low Pres sure and Zero a, NO. 21 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: Specimens of desired c 

to various ocnditicns of temperature and time. 


TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg. TIME hr 

Sp^imens will be heated to controlled tenneratures for short times (hours) 
under zero g and returned to ground for further treatment. 

BENEFIT OF SPACE TEST: Zero q COlditions eliminate pressure s generated within the 


sanple by gravitation. 

EQUIPMENT: WEIGHT 

kg, SIZE X 

X m, POWER 


kW 

POINTING 

STABILITY 

DATA 



ORIENTATION 

CREW: NO. 

OPERATIONS/DURATION 

/ 


SPECIAL GROUND FACILITIES: 







existing: yes 

□ 

□ 

o 

z 



TEST CONFIDENCE 

GROUND TEST OPTION 

TEST ARTICLE: 





TEST DbSCRIP TION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


EXISTING: YES D NO □ 

GROUND TEST LIMITATIONS: Gravitational effects on within sanyle deatuny 

equilibriuro conditions and invalidate the data. 

TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK [ CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST& EVAL 















TECH NEED DATE 






1 








GRAND TOTAL 


GRAND TOTAL 



n. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ I 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


j COST RISK $ 

1 1 (I r»H .’I > 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 22^ 

PAGE 1 


1. 

ref.no. 

PREP DATE 8/9/75 

REV DATE 

LTR 



cATEcoRv Basic Mat 

trials Research 





izatic3n Studies of Corrosive liolten Salts 


3. TECHNOLOGY ADVANCEMENT REQUIRED 

Vaporizaticn rates and related 


namic data are needed for high terpera- 


LEVELOFSTATEOF ART 


CURRENT UNPERTURBED 


REQUIRED 







4, SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS The data ob*'^'»ned will inoact a wide variety of R & D areas, 
one of V4hidi is hot oorrosicn interpretation and minimization. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 



FT (TOR It 7/7^ 


KEPRODUCIWLITY OF lllL 
ORTQCNAL PAGE IS POOR 


















I 


TITLf High Taaperataire Vaporiztion Studies of Conrosive Molten NO. 22 

Salts PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TgsT articlf; Material sanple levitated in molten oondi- 
tion ctnd associated equipoent including tenperature control and nass spec- 
trotetef^ 


TEST DESCRIPTION : 


ALT. (miix/mln) 


L 


km, INCL. 


deg, TIME 


hi 


Heat sample and measure its change in mass with time and detect vri.th mass 
s pectraneter the nolecular species that are vaporized, 

BENEFIT OF SPACE TEST: Can be done witlKygt the (container cx>ntandnation that 
nullifies ground based neasurenents. 


EQUIPMENT: 

POINTING 

ORIENTATION 


WEIGHT 


kg, SIZE 


m. POWER 


kW 


.STABILITY. 

CREW: 


DATA 


NO. 


OPERATIONS/DURATION 


SPECIAL GROUND FACILITIES: 


existing: yes □ no □ 


.TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


EXISTING: YES □ NO □ 

GROUND TEST LIMITATIONS: Tlie experijnents cannot be performod on the ground 

because the container itaterials required on the gro u nd ocntaminate the specimens* 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 




1 

i 


COST IS) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST&EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 
I n iM ? I 
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FUTURE PAYLOAD TECHNOLOGY NO. 28 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. 

ref.no. 

PREP DATE 8/11/75 



CATEGORY StTUCtural & 1 




of Large Er 





s in bpaoe 


3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART 

Th6 cbjecLive of this program is to de— current | unperturbed | required 


velop, evaluate and demonstrate the mater- 




f processes, ana eqaipnenr requirea ror cisseniDxy ay aanesive 

rC^ 


The requirenient for Ixxig life in the space envircnnent wi 


• \ • liij ^1* m 


oi±)it outboard the pallet of the Spaoelab by experimenters equipped vdth space 


suits. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS* TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS advantages offered by adhesive joining over other 

joining methods are, (1) light weight, {2) dimensional stability, (3) catf 



POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS S 


6. RISK IN TECHNOLOGY ADVANCEMENT 
TECHNICAL PROBLEMS 



7. REFERENCE DOCUMENTS/COMMENTS SPART Study Report; OSS, QA User Ir^ts 
to 1975 OAST Sunner Workshop Overview Report 
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TITLE Adhesive Bondincr of L 


28 


jarqe Erectable Structures NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: Adhesively Bonded Joints 


TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr 


gEi\i£pix OF SPACE TEST' (1) Life LosL of sdhesive ixi speoe (2) Develcpnerxt 


and dencnstration of bcaiding techniques 

EQUIPMENT: WEIGHT 

kg, SIZE X 

X m, POWER 


kW 

POINTING 

STABILITY 

DATA 



ORIENTATION 

CREW; NO. 

OPERATIONS/DURATION 

/ 


SPECIAL GROUND FACILITIES: 







existing; YES 

□ 

noQ 



TEST CONFIDENCE 


GROUND TEST OPTION 

TEST ARTICLE: 





TEST OESCKIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


EXISTING: YES □ NO □ 

GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 

76 

77 

78 

79 

80 

81 

COST ($) 

m 

77 

78 

79 

80 

81 

COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 

1 

1 

.05 

.2 

.3 

.2 

.75 

.0£ 

.o: 

1 

1 

1 

.2 

.2 

.05 

.75 

TECH NEED DATE 

■1 

■ 







nm 

B 




GRAND TOTAL 

■Ml 

GRAND TOTAL 

o 

GO 


11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK $ 

M nnR .’I /'/B 
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FUTURE PAYLOAD TECHNOLOGY NO. 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 

1. REF. NO. PREP DATE 8/9/75 REV DATE LTR 

CATEGORY Structure & Spacecraft/4techanical 

2! TITLE Icrtg Life Polymeric Protective Coatings for Space Applications 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
Polymeric protective coatings for solar 

LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 

2 

5 

ID 

cells, electronic circuit boards, etc. 


with long life under actual space conditions are needed in order to eissure us 


of the operational lifetiines designed into the orbiting device. The technology 
of pol]^ineric coatings will be advanced by this etfort especially tor coating 
(solar cells, themal} tnat are directly e^qxosed to the bpaoe enviroranent. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME __2__ YEARS. TECHNOLOGY NEED L TE 1979 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 2 

TECHNICAL BENEFITS By using jjproved protective coatir^s (better resistance to 

degradation by the Space enviromnent) the life and efficiency of Solar cells7 

thermal coatings » ciixaiit bocujdsy etc . , will be increased significemtly. 


POTENTIAL COST BENEFITS estimated to be great - lOOM 


ESTIMATED COST SAVINGS $ ? 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Foiitulation and synthesis of the proper polyiner and its 
evaluations. The space evaluation of the final procbict is extremely impdf^ 

tant to eussure us about eeirth testing^ 


REQUIRED SUPPORTING TECHNOLOGIES Analytical inst rumentation » i.e., IR 
Spectroscopy^ etc.^ in chemical labs as well as mechanical listing^ 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TOR 1» ;/75 


128 




COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: Ccnf ixination of earth laboratxMy data & especially long life 
space test under actual condition 

EQUIPMENT: WEIGHT 50 kg, SIZE 0.Q30 X Q.Q86 X q, 127 m, POWER kW 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/OURATION / 

SPECIAL GROUND FACILITIES; Clean roCPl 

existing; yes CD NO □ 

TEST CONFIDENCE 


GROUND TEST OPTION TEST ARTICLE: 



SPECIAL GROUND FACILITIES: all of above 


EXISTING: YES n NO □ 

GROUND TEST LIMITATIONS: Siirultaneois long time exposure to the above best 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


TEST CONFIDENCE Q,90 


GROUND TEST OPTION 



78 

80 

81 

.03 

.04 

.05 

.06 


COST {$) 



GRAND TOTAL 


11. VALUE OF SPACE TEST $ (Syivi OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK $ 


nOR .M ^7S 
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FUTURE PAYLOAD TECHNOLOGY NO. 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


REV DATE LTR 


1. 

ref.no. 

PREP DATE 

Ei 



CATEGORY 

B 


Life 7^3hesives for Space Applications 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
The Chanistry of polymers (ddhesives) 


most be iirvestigated and developed to 


LEVEL OF STATE OF ART 


CURRENT I UNPERTURBED 


3 5 




REQUIRED 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1982 

PAYLOAD DEVELOPMENT LEAD TIME 3 YEARS. TECHNOLOGY NEED DATE _i2§2___ 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS ^ 

TECHNICAL BENEFITS Better adhesives for sucdi itans as solar cells and thaamal 
tapes nust be de'/eloped for our long life orbiting devices and Lunzu: ani ^lars, 


ir success. 


POTENTIAL COST BENEFITS 


ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS FoCTMlatin g and synthesis of the polymer adhesive and long 
time testing in a simulated space environment. 



REQUIRED SUPPORTING TECHNOLOGIES Chatdstry, space sijiulations testing. 



REFERENCE DOCUMENTS/COMMENTS 
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Kt:FRODUCIBlLITY OF THE 
ORIGCNAL PAGE IS POOR 
















TITLE Long Life adhesives fca: Space Applications NO. ^ 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION testarticlp* Long life_ polymeric adhesives 



TEST DESCRIPTION : ALT. (max/mln) / km. INCL. deg, TIME hr 



ticn of qieciiaens 

EQUIPMENT: WEIGHT 30 k9,SIZE 0.003 ^ 0.86 ^ 1.27 m, POWER 0 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/DURATION / 

SPECIAL GROUND FACILITIES: Clean rootl 

_ _ existing: yes [3 Non 

TEST CONFIDENCE 0.85 

9. GROUND TEST OPTION TEST ARTICLE: Long life polvmeric adhesives 


TEST DESCRIPTION/REQUIREMENTS: SiiWilated sDaoe enviroiinent 

long term (1<»3 years) 


SPECIAL GROUND FACILITIES: 


EXISTING: YES fl NO [7) 

GROUND TEST LIMITATIONS: Actual space envirorment including Zero-g and full 


radiation for long term (1-3 years) 


TEST CONFIDENCE 0.3 


10. SCHEDULE & COST 

SPACE TEST OPTION | 

1 GROUND TEST OPTION 

TASK CY 

77 

78 

79 

80 

82 

83 

COST ($) 







COST 1$) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/O 

4. TEST & EVAL 


my 

• 

o 

ro 

.03 

.05 

1 

.06 









TECH NEED DATE 


_ 












GRAND TOTAL 

0.24M 

GRAND TOTAL 




11. VALUE OF SPACE TEST $ (Sum OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 



COST RISK $ 
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1. REF. NO. 


FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PREP DATE 8/9/75 REV DATE 

CATEGORY Structures and Spaoec 


PAGE 


r '-■'’R - 
tianics 



3. TECHNOLOGY ADVANCEMENT REQUIRED 
Advancement in hi^ tenfierature 


(>300 degree range) high thermal 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED REOUIREO 


3 5 10 




thesize chemical structures to achieve these 


goals. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1982 

PAYLOAD DEVELOPMENT LEAD TIME 3 vpabs. TECHNOLOGY NEED DATE 1980 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 2 

TECHNICAL BENEFITS Mechanisms and devices can be operated at hi^ tenperatures 
and operate more efficiaitly. 



POTENTIAL COST BENEFITS Much 


_____ ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Polymer chemistry has to investigate the problem by 
structural chain changes and modifications , or by the filling of polymers" 


with various thermal conducting substances. 



REQUIRED SUPPORTING TECHNOLOGIES Polymer diemistry and space sinulation testing 



. REFERENCE DOCUMENTS/COMMENTS 


V. 













I 


title High Tenperature High Thermal Conductivity Polyinpra fnr NO. 31 

Space Application PAGE 2 

COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: Polvmers-Hiqh Tgnperature«flicrti Thermal 

conductivity 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST; Confirm laboratory results and to intarove kn o wledge of 

polymer selection 

EQUIPMENT: WEIGHT 50 kg, SIZE 0.03 X Q.86 X 1.27 m, POWER “0- kW 


POINTING STABI LITY 

ORIENTATION CREW: NO. 

SPECIAL GROUND FACILITIES: Clean rocm 


9. GROUND TEST OPTION TEST ARTICLE: J 
Thermal conductivity. 

TEST DESCRIPTION/REQUIREMENTS; Actual 


SPECIAL GROUND FACILITIES: 


DATA 

OPERATIONS/DURATION 


existing; yes o NO □ 
.TESTCONFIOENCE 0.90 


GROUND TEST LIMITATIONS: Atove long term facility. 


EXISTING: YES D NO m 


I. SCHEDULE & COST 

SPACE TEST OPTION 

TASK CY 

78 

79 

80 

81 

82 

83 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/O 

4. TEST & EVAL 

0.03 

0.0 

0.0 

2 

i 

0.0 

0.0 

1 

0.0- 

TECH NEED DATE 








TESTCONFIOENCE j0^3 

I GROUND TEST OPTION 


COST IS) 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ 

12. DOMINANT RISK/TECH PROBLEM 


I 0.19M I I GRAND TOTAL | 

ISUM OF PROGRAM COSTS $ ) 

COST IMPACT PROBABILITY 


J COST RISK S 

1 1 n nn i /s 
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1. REF. NO. 
~2. TITLE H 


FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. _ 
PAGE 


PREP DATE 8/9/75 REV DATE LTR 

CATEGORY . StTuctxiral & Spaoecraft/Mechanical 

nductivity l^oiymers tor Space y^iicarlon. 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
Advancxnent in polymer chendstry to 


of the polymer by inole< 
conducting substances. 


structure 


LEVEL OP STATE OF ART 


CURRENT 

UNPERTURBED 

REQUIRED 

_ 2 

3 

10 

3nge or add 

iition of electrical j 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE _ 1983 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE —12§3_ 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 2 

TECHNICAL BENEFITS iBproved electrical conductivity of ey:emal coating will 
allow better control of spaoe charges and in grounding of boxes and other 
applications vaiere electrical conduction is necessary 


POTENTIAL COST BENEFITS 


ESTIMATED COST SAVINGS $ 

6. BISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Polyoer Chaidstry nay not be able to rearrange the 
molecular structure in order to acnieve tne goal, but progress has bee 

made in using specific electrical conducting fillers. 


REQUIRED SUPPORTING TECHNOLOGIES Chemistry » laboratary^ testing. 


7. REFERENCE DOCUMENTS/COMMENTS 


FT {TDR 1) /'7b 


REyRODUCIBlUTY OF THb 
OBlif^AL PAGE IS POOR 


V, 




COMPARISON OF SPACE & GROUND TEST OPTIONS 


SPACE TEST OPTION 

TEST ARTicLF: Polyiiieric naterials 




TEST DESCRIPTION : 

ALT. (max/min) / km, INC*.. deg, TIME hr 


BENEFIT OF SPACE TEST: 

To detetmine if the ooatina vdll perform predicted in the 

q>aoe emvircnnent. 


EQUIPMENT: 

WEIGHT 

50 

•<9, SIZE 0.03 > 

' 0,86 X 1.27 «n. POWER 


kW 

POINTING 



STABILITY 

DATA 



ORIENTATION _ 



CREW; NO. 

OPERATIONS/DURATION 

/ 



SPECIAL GROUND FACILITIES: Clean roon 

existing: yes (3 no FI 

TEST CONFIDENCE 0*90 

9. GROUND TEST OPTION TEST ARTiCLEfPlyneric materials 


TEST DESCRIPTION/REQUIREMENTS; Space err/irorn>ent including electrical - static 
charges. 


SPECIAL GROUND FACILITIES; Space simulated envixcrment including electrical 
charging. 

EXISTING: YES D NO o 

GROUND TEST LIMITATIONS: abcve 


TEST CONFIDENCE 


10. SCHEDULE & COST 

J»ACE TEST OPTION | 

1 GROUND TEST OPTION 

TASK CY 

79 

80 

81 

82 

83 

84’, 

COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/O 

4. TEST & EVAL 


3E 

0.03 

1 

3 

4 

).04 









TECH NEED DATE 














GRAND TOTAL 

Esaii 

GRAND TOTAL 



11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK $ 






















1. ref.no. 


FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PREP DATE 8/9/75 REV DATE 


NO. 

PAGE 1 


CATEGORY 


TITLE Retenticn of Liquid Lubricamts 


Ebvircnnent Under Passive Conditions 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
TO better understand the use of low 


surface tension barrier films and 


seals in the prevention/reduction of the loss of lubricants 


creep and evaporation. This experiaent will show the inportanoe o 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED REOUIRED 


5 5 10 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE l^^Q 

PAYLOAD DEVELOPMENT LEAD TIME , 1.5 TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS ^ 

TECHNICAL BENEFITS Retention of the liquid lubricant "InoPlaoe" is of great 
importanoe in order that the mechanian does not tail mechanically anu adj^e 


sensitive instruments are not contaminated. 


POTENTIAL COST BENEFITS Increased lifetime of S/C instruments is imneasurable 
as some instruments have failer^ after mo. and sane up to i years* 7-10 



are now 


.ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS At tids time, no technical problems au?e foreseen. 


REQUIRED SUPPORTING TECHNOLOGIES Optical microBcopy, chemical analysis, failure 
analysis. 


REFERENCE DOCUMENTS/COMMENTS 




136 


REPRODUCffilLITY OF THh: 
PRIGCNAL PAGE IS PfV't 


V. 

















I 


title Retention of Liquid Lubricants by P£ts8ive Means In the 
Space Environnent Under Passive 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


NO. 33 
PAGE 2 


TEST DESCRIPTION : ALT (tnix/min) 


km, INCL. 


deg, TIME 




BENEFIT OF SPACE TEST: _To_e\gjAlg^ 

and the use of the barrier film to : 


EQUIPMENT: WEIGHT 50 SIZE ,03 X , 4 Q X ,45 m, POWER _0 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/DURATION / 


SPECIAL GROUND FACILITIES: 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: Space 


existing: yes NO □ 
.TEST confidence 0.90 



SPECIAL GROUND FACILITIES: 


,EXISTING: YES D NO m 


GROUND TEST LIMITATIONS: Cannot get Zero g conditions on 


10. SCHEDULES) COST] SPACE TEST OPTION 

TAoK 

1 . ANALYSIS 

2. DESIGN 

3. MFG & C/0 
4 TEST & EVAL 


TECH NEED DATE 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ 0»2M 


12. DOMINANT RISK/TECH PROBLEM 


TEST CONFIDENCE 


GROUND TEST OPTION 



77 

78 

79 

80 

.02 

.03 

.10 

.05 


COST ($) 



GRAND TOTAL 


ISUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK S 





V. 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PAGE 


1. REF. NO. 


, PREP DATE 8/9/75 REV DATE LTR 

CATEGORY Structures & Spaoecraft/MBchanical 



Barrier Films and 


th Seals 


LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIR'D 


TECHNOLOGY ADVANCEMENT REQUIRED 
Lubrication of Mechanical ccit|xinents has 


advanced to the state where-in a Minimum 


quantity of lubricant is used, this quantity cannot be lost to space or oontaiiH 


use 




of barrier films and 


cants 


th seals t o prevent the loss of the liquid lubri* 
nder oanoTtions of rotary motion and Zero g. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1980 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TbCHNOLOGV NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF payloads 2 

TECHNICAL BENEFITS Retention of the lubr icant "In Place" under dynamics con- 
ditions is a must in order to prevent mechanical failure and contamination of 


sensitive instnirents. Very anall quantities of lubricants are now being 




POTENTIAL COST BENEFITS The operational lifetime of S/C instnwents will be 
more assured if tlie barrier films and labymith seals do function as expec t ed. 


.ESTIMATED COST SAVINGS $ lOOM 



V 



















TITLE Retenticjn of Liquid Lubricants "In Place" Under Dynamic 
Conditions using Barrier Fiims and uusymitn Seals 


NO._ 

PAGE 


34 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION 


TEST ARTICLE: 


TEST DESCRIPTION ; 


ALT. (max/min) 


km, INri, 


deg, TIME 


hr 


BENEFIT OF SPACE TEST: To evaluate the use of the barrier film aiVi lahymith seals 
in the Zero g field on cre^/evaporations of liquid Lubricants. 


EOulPMENT: 

POINTING 

OfilENTATION 


WEIGHT 




kg, SIZE .03 X .40 X POWER 0.QQ5 kW 

STABILITY DATA 


CREW: NO. 


OPERATIONS/OURATION 


/ 


SPECIAL GROUND FACILITIES: CV^im Room 


existing: yes s NO □ 


.test CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: Space environBsnt including Zero g 


SPECIAL GROUND FACILITIES: Zero q Ccg>ability 


GROUND TEST LIMITATIONS: Zero q f^r^l^ilitV 


.EXISTING: YES □ NO □ 


TEST CONFIDENCE 0.90 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 

JZfi_ 

J2_ 

_Zfi_ 

Ji- 


_ai. 

COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 


.02 

.03 

.10 

• 

O 

tn 










TECH NEED DATE 














GRAND TOTAL 

0.2M 

GRAND TOTAL 



11. VALUE OF SPACE TEST $ 0.2M 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 


[ ■; (IDR .M /-7b 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


3 5 


NO. 


PAGE 1 


1. REF. NO. 


PREP DATE 8/9/75 REV DATE LTR . 

CATEGORY Stxuctaurc and Spaoecraft/^echanical 


2. TITLE Effects of the Space Envirorroertt on the Properties of Specific Polviners. 


Knowledge of the combined effects of 

CURRENT 

UNPERTURBED 

REQUIRED 

the ^>ace environnent on the properties" 

5 

5 

10 

of specific/ltDst used polymeric materials is needed 

in order to confirm our 


LEVEL OF STATE OF ART 


space flighty 1^3 years» to deteimine if our selections of polyners is correct; 
and to sh^ polymers is correct and y&ddh. polymers should be liiproved. 


Polymer chemistry vdll be advanced. 


SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1980 

PAYLOAD DEVELOPMENT LEAD TIME 1 YEARS. TECHNOLOGY NEED DATE ^878 


5. BENEFIT OF ADVANCEMENT 


NUMBER OF PAYLOADS 


TECHNICAL BENEFITS Kncwled^ confirming Our past selectiai of polymeric 
materxajfe are plafflieCt; — TTils long' auratlon space a^josure will allow us to" 


actually measure some properties of polymeric materials after eaqxjsure. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 


6 . 


RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS If polymers do degrade badly in Spaoe^ then improved 
polymers are needecT If they do not degrade significantly, only longer 

life (7-10 years) polymer chanistry must be lodted at. 


REQUIRED SUPPORTING TECHNOLOGIES Polvmer ChanistTv. 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TDR-1) 7/75 


140 


EEPRODUCIBILn'Y OF THE 
PRWINAL PAGE IS POOR 
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TITLE Effects of the Space Environnent on the Properties of 
Specific Polymers, 


NO- 35 


PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Polvmer ^^ Material g 


TEST DESCRIPTION : 


ALT. (max/min) 


kmJNCL. 


deg, TIME 


hr 


BENEFIT OF SPACE TEST: A;?3urance of OUT pTOper selection of the various polymeric 

materials and space applications. 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 


60 


•‘Q.SIZE 0.03 X 0.86 ^ 1.27 m, POWER 0 


kW 


STAtILITY 


DATA 


CREW NO. 


OPERATIONS/OURATION 


SPECIAL GROUND FACILITIES: Clean rOGRl 


existing: yes □ NO □ 


.test confidence »90 


9. GROUND TEST OPTION TEST ARTICLE: Polymeric Materials 


TEST DESCRIPTION/REQUIREMENTS: Long term (1-3 years) exposure to the actual 

^»ce environment. 


SPECIAL GROUND FACILITIES: Actual Space environment exposure facilities - long 

term exposure. 


EXISTING: YES Q NO ^ 

GROUND TEST LIMITATIONS: Actual space environment exposure facility for long term 
duraticn. 


test CONFIDENCE 0.3 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 

76 

77 

78 

79 

80 

81 

COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 


0.0 

J 

).03 

}.02 

0.0 

0.0 

) 

> 

.o: 

O.Of 









TECH NEED DATE 














GRAND TOTAL 

0.24M 

GRAND TOTAL 



11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/FECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK S 


IT M DF^ .M ; /'i 
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FUTURE PAYLOAD TECHNOLOGY NO 3g_ 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. 

ref.no. 

PREP DATE 8/11/75 

REV DATE 

LTR 



CATEGORY 

Electronis 





s in Electronic Assexit)lies 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
The objective of this pxigram is to 


LEVi-L OF STATE OF ART 


CURRENT UNPERTURBED REQUIRED 


ropriate for the a{plication of conformal coatings 


and for potting to r^ir electronic as 


fontiad in an environment vMch is not nec- 


essarily compatible vd.th presently available materials and procedures developed 



4. SCHEDULE requirements FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT 
TECHNICAL BENEFITS 


NUMBER OF PAYLOADS 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE Space Repair of Polymers in Elecrtrcyiic Assemblies 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jesT ARTICLE: 


NO. 36 
PAGE 2 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: 

EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


I 


_ kg, SIZE 
STABILITY, 
CREW: 


X X ni, POWER 

DATA 

NO. OPERATIONS/OURATION 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


existing: yes □ NO □ 
.TEST CONFIDENCE 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULE 8i COST 

TASK 

1 CY 

1. ANALYSIS 


2. DESIGN 


3. MFG & C/O 


4. TEST & EVAL 


TECH NEED DATE 


SPACE 1 EST OPTION 


EXISTING: YES D NO □ 


TEST CONFIDENCE 


0 76 I 77 I 78 1 79 I 80 1 81 |c0ST($) 



GRAND TOTAL 


GROUND TEST OPTION 


76 77 78 79 80 81 cost ($) 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


f 1 n DR .M 7 /') 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. 43 
PAGE 1 


1. REF. NO. PREP DATE REV DATE LTR 

CATEGORY 

Z TITLE Lcax? Term Space Exposure of Ccntosite Materials 


TECHNOLOGY ADVANCEMENT REQUIRED 
Long term reliability of present and 

LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 




advanced ocii(X3site iraterlals e}^)Osed to 

the space envixanent vdll be established 

in order to permit the safe design of | 


oon()osite structxires for Icng duration space a^lication. The influencje ot“stKH 


effecte as UV radiation and long term outgasing of polymeric matrix cot^xjsites 
and the thental degradatixai of metallic matrix cxinposites mast be established. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS The better capability of accurate and reliable life pre- 
diction of metal and polymeric natrix» present and advanced oaqposite mterials 
for long duration space e3qx)sure« 


POTENTIAL COST BENEFITS 


^ESTIMATED COST SAVINGS $ 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS 


REQUIRED SUPPORTING TECHNOLOGIES Cdtposite itBt~,*^ri.als develom>enL» 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TOfl 1) 7/75 


144 


REPRODUCIBILITY OF THE 
PR1«INAL PAGE IS POOR 




13 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jESj ARTICLE- Variable exposure of UV and thermal 
radiaticn for long duration such as on a passive satellite. 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: Realistic exposure to service environinent. 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE 

.STABILITY 

CREW: NO. 


X tn, POWER 

DATA 

OPERATIONS/DURATION 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


existing: YES □ NO □ 
.test CONFIDENCE 


.EXISTING: YES □ NO □ 


10. SCHEDULE & COST 

TASK 

Lfl. 

1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12, DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST HISK $ 


15 






















FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PAGE 


REF. NO. 


PREP DATE 8/11/75 REV DATE LTR 

CATEGORY Large cxntrpllable# light weight 


I 1 I ■! i ii • t i fi ii 


TIT 1 .E Effects of Space Environmental Effects on Fatigue and Fracture o 


Ad^^lnoed Filamentary Composite Structural Materials 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
Determine effects of long time tvo/ 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE _ ■ 1979 
PAYLOAD DEVELOPMENT LEAD TIME 1 YEARS. TECHMOI OftV mei 


BENEFIT OF ADVANCEMENT 

TECHNICAL BENEFITS (1) Potentially 
structures. 


.YEARS. TECHNOLOGY NEED DATE 


NUMBER OF PAYLOADS 
weight savings in large erectable 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS S 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE Effects of Space Enviroranental Effects on Fatigue and Fracture NO. 44 
of Advemced Filamentary Ccnposite Structured Materials PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Coiposite material elemental fracture 

and fatigue specimens 


TEST DESCRIPTION : ALT. (max/min) 200 / 500 km, INCL. any deg, TIME S yr. J tK 

Expose elanental specimens to Icw/hiqh earth orbit space enyironroent vdthout 
load under constant load and under cyclic load and subsequent ground inter** 
pretation and analysis. 

BENEFIT OF SPACE TEST; Realistic service environnent exposure 


EQUIPMENT: WEIGHT 250 kg, SIZE 2 ^ 3 X .3 m, POWER Q~1 kW 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/OURATION / 


ORIENTATION 

SPECIAL GROUND FACILITIES: 


DATA 

OPERATIONS/OURATION 


9. GROUND TEST OPTION TEST ARTICLE: 
fatigue test specimens 


existing; YES □ NO □ 
TEST CONFIDENCE _s5 


site material elemental fracture and 


TEST DESCRIPTION/REQUIREMENTS: Expose specimens to conbixiations of hard vacuum# 

hi^ intensity UV radiation, and simulated micrcmeteOT.id infract eund determine 


SPECIAL GROUND FACILITIES: High vacuum Chambers, High intensity UV radiation 

sources, hi^ velocity particle accelerate 


EXISTING; YES m NO □ 

GROUND TEST LIMITATIONS; i^listic environnient interaction unachievable 


10. SCHEDULE 8« COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4 TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


78 I 79|80 81 1 82 83 COST ($) 


.035 

.07 

.2 

.5 



GRAND TOTAL 


TEST CONFIDENCE 


GROUND TEST OPTION 



5 


.03 

.03 


COST <$) 


.035 

.07 

.2 

.06 


.35 M 


11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ ) 


COST IMPACT PROBABILITY 


COST RISK $ 


II n f)R .’I I 1h 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PAGE 1 


1. REF. NO. 


_ PREP DATE 
CATEGORY 


REV DATE 


t of Directionally Solidified Eutectic 


3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART 

Develop new materials with a oontinuous L^urrent | unperturbed I required 


in the eutectic structure, by solidification in low gravity. 


strength jet engine turbine blades or optical salts or glassy c 



4. SCHEDULE REQUIREMENTS 

PAYLOAD development LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 
5 YEARS. TEOHM 


YEARS. TECHNOLOGY NEED DATE 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 9 

TECHNICAL BENEFITS Directionally solidified eutectics currently in developnent 
on ecu±h for increasing uniaxial strength in aircraft turbine blades and 
fastf-'grs are limited. The rod-like reinforcing p^se is not continuous bu€ 


has defects due to disturbances from convection vmle solidifying 
believed that a npre necurly perfect structu re could be produced in low gravity. 

POTENTIAL COST BENEFITS Econcmic studies indicate that this wcark could save 
vast amounts of fuel and money in the aircraft industry. 


.ESTIMATED COST SAVINGS S lOO. 000. 000.00 


6. RISK IN TECHNOLOGY ADVANCEMENT 
TECHNICAL PROBLEMS 


REQUIRED SUPPORTING TECHNOLOGIES 



7. REFERENCE DOCUMENTS/COMMENTS 


hT (TDR 11 rib 


V 









TITLE Develoixnent of Directionally Solidified Eutectic Ccnixiun: 

ace ~ " 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


NO. 49 
PAGE 2 


TEST DESCRIPTION : ALT. (m»x/min) 240 / Iflfl km, ,NCL. any <l«g, TIME 200 hr 





BENEFIT OF SPACE TEST; provide lOtf 


EQUIPMENT: WEIGHT 150 kg, SIZE 0,6 X 0.4 X Q.2 m, POWER 20 kW 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/OURATION [ 

SPECIAL GROUND FACILITIES: 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS; 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


existing: yes □ NO □ 

, TEST CONFIDENCE 


,EXISTING: YES □ NO □ 


10. SCHEDULt: & COST 

TASK 

\m 

1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4 TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


76 77 ( 80 81 82 COST ($) 



GRAND TOTAL 


TEST CONFIDENCE 


GROUND TEST OPTION 


COST IS) 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST HISK S 


i1 DM .'I > /') 


I /') 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REOUIREMENT 


NO au 
PAGE 1 


1. 

REF, NO. 

PREP DATE 

REV DATE 

LTR 



category 





3. TECHNOLOGY ADVANCEMENT REQUIRED 
Develop electrcnagnetic, electro- 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REOUIRED 



4. SCHEDULE REQUIREMENTS first payload fi.ight date 

PAYLOAD DEVELOPMENT LEAD TIME 5 YEARS. TECHNOLOGY NEED DATE 1984 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS L_ 

TECHNICAL BENEFITS Many special metal requiranents are not being filled 
currently because metals and ceramics react with the mold, crucible or 


" silicon single 






. > 4 .1 1 1 4 4 > V 4 pI' • < J 


fron a rod like salami would be a major advancement to electronics if tlie flat 


surface were xmdisturbed. Tungsten x-ray 


filaments need hig^)^ puri^' for longer life and safe^ 


as do thennoionic devices for energy production and contro. 


POUWriAL POST bbMfciyns - Reduces a estimated cost savings s50#000,000»00 


[ ' u • j VT# ^ * iT*l * * y I Vi I r 



REFERENCE DOCUMENTS/COMMENTS 
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title atvl ghap4ng Metalfl in 

Space 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TESTARTicLg; Materials Test S»>«^'i* *^ 


NO. 50 
PAGE 2 


TEST DESCRIPTION : ALT. (m**/min) 240 / 180 km, IWCl. 


deg. TIME any hr 


BENEFIT OF SPACE TEST; Provide low gravity enyirorment 

EQUIPMENT; WEIGHT 100 fcg.SiZE 1 X 1 X % m. POWER 10 kW 


POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES; 


STABILITY 


CREW: NO. OPERATIONS/OURATION 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


existing: yes □ NO □ 
.TEST CONFIDENCE 


.EXISTING: YES □ NO rn 


10. SCHEDULE 8i COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MPG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


77 78 79 80 81 82 COST <$> 



GRAND TOTAL 


TEST CONFIDENCE 


GROUND TEST OPTION 


COST IS) 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RiSK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK S 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. _ 
PAGE 


1. REF. NO. 


2. TITLE Fata 
Stzuc±ures 


PREP DATE 
CATEGORY 


REV DATE 


Large Spa ce 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 




(e.g. rods and sheets of metal forms) in space toe large space structures. 


This includes selection of materials, melting. 


and extrusion facilities, selection of joining methods and equipnent and 


tem to provide materials of construction in-situ. 



SCHEDULE REQUIREMENTS 
PAYLOAD DEVELOPMENT LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 
3 YEARS. TECMiy 


YEARS. TECHNOLOGY NEED DATE 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 3 

TECHNICAL BENEFITS large space structure will be needed to provide for m 
antenna for trananission of solar electric power to earth, a mirror for di- 


rection of concentrated solar radiation to 


voltaic or thermal, and for a space station for habitation of spa 


tion and maintenance workers. Thus, a space structure : 



SISSiSKi 


p(71XNriAL COST BDlEFriSt The foamed metal in^spaoe technology 



6. RfISMwTOHNOLOGY ADVANCEMENT 


TECHNICAL PROBLEMS 

RISK IN TEOiNQLOGY AUVANU MElfF 


REQUIRED SUPPORTING TECHNOLOGIES Materials and processes research in foamed 
metal, design of a modular spao d - aBBamiy Hys t an, de8ign ~ of t oolin g to produog 

the 



FT ITDR 1) / 7b 


K i'KODUOBlUTY OF I'Ufl 
PAGfi IS POOS 

























i 


TITLE Fabrication, Assenfcly and Joining of fnr NO, 5l 

_ Space Structures PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Simple Foamed metal to prtwe 

process and obtedn sanples for testing on ftar+h, 


TEST DESCRIPTION : ALT. (max/min) 240 / 180 km, IWCL. any deg, TIME any hr 


BENEFIT OF SPACE TEST; Needed to obtain zero gravity 


EQUIPMENT: WEIGHT 150 

POINTING None 

ORIENTATION 


_ Kg, SIZE 1 X 0.5 X 0,2 tn, POWER 10 
STABILITY DATA 


kW 


CREW: NO. 


OPERATIONS/OURATION 


SPECIAL GROUND FACILITIES; 


EXISTING: YES □ NO □ 


.TEST CONFIDENfE 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS 


SPECIAL GROUND FACILITIES: 


^EXISTING: YES □ NO □ 


GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE & COST 

TASK 


CY 


1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


76 


77 


78 


79 


80 


81 


GRAND TOTAL 


COST ($) 


300k 

300k 

600k 

600k 


1800k 


GROUND TEST OPTION 


GRAND TOTAL 


COST ($) 


11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 


I 1 n OH ,’| > /!i 
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FUTURE PAYLOAD TECHNOLOGY NO ±: 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. 

REF. NO. PREP DATE 8/11/75 

REV DATE 

LTR 

CATEGORY 


— 


1. 

TITLE Space Processing of Ceramics and Glass 













3. 

TECHNOLOGY ADVANCEMENT REQUIRED 

LEVEL OF STATE OF ART 


The objective of this program is to 

CURRENT 

UNPERTURBED 

REQUIRED 


(^velop esq^eriments utilizing the space 





environnent to gain infoonaticn and understanding of seme of the basic 


phenenena emd b^^vior associated with the processing of oerandcs and glass. 
Frcro the infontation gained, the development of new and litpxxved ceramics and 
glasses' either t y spacetar ter c estiidl ptouessingy ~ as ~ applicabtey ~ w o ul d'fa e 

pursued. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS New or improved ceramics with enhanced properties will 
be developed for ^[>ace and Earth applications. 


POTENTIAL COST BENEFITS 


ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 
TECHNICAL OROBLEMS 


REQUIRED SUPPORTING TECHNOLOGIES (a) QA Input on Space Processing for 1975 
CftST SuiTOBr Vtarkshop Overviai/ Report 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TOR 11 7/75 




TITLE Space Processing of Ceramics and Glass 


NO. W 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL, 


deg, TIME 


BENEFIT OF SPACE TEST: 

EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE 

.STABILITY 

CREW: NO. 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


X m, POWER kW 

OATA 

OPERATIONS/OURATION / 

existing; yes □ NO □ 
TEST CONFIOENCE 1 


EXISTING; YES □ NO □ 


1 

10. SCHEDULE 8i COST 

TASK 

LEL. 

1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST& EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


TEST CONFIDENCE 


GROUND TEST OPTION 


CY 76 77 78 79 80 81 cost ($) 76 [77 [78 | 79| 80 | 81 

:.05(i .oiio. 



.3 0.3 0.8 


GRAND TOTAL 


COST ($) 


0.15 




11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


ISUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


M noR ;>) vn 


•v > t 
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